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Course Description t * * 

1 This is a basic course designed to provide the student with some fundamentals of electricity. It does no't include electrical tasks 01 specific job skills 
The seven'lessons each have a lesson assignment sheet with objectives, materials required, and suggestions. They covei the following tou'.es 



Lesson 1 

Lesson 2 
* Lesson 3 



Electrostatics is divided into two sections. The first section on electrification covers attraction and repulsion, the 
structure of nrtatter, atomic structure, and charging by contact and induction The second section on electrostatics 
covers electr/: fields and lines of force. , 

Electrokinetics discusses current, resistance, voltage and rrlfcnetism. 

f Ohm's Law and Direct Current Circuits explains circuit components, circuit fundamentals, and crrcuit*analy bis, power, 
and resistors. 



Lesson 4 - Alternating Current, Inductance, and Capacitance discusses alternating current and its com parson with 'direct current. 

describes inductance and capacitance and their presences in a.c. circuits, and gives methods used to determine the 
* amount of inductance and capacitance in. an a.c. current. « 



.Lesson 5 



Resisttve-Capacipve and Resistive- Inductive Cirduit is divided into two parts. The first part dealing with RC circuits 
. discusses wavelengths, circuit response, time constants, charts, and power. The Rl section discusses circuit-response, 
rfrne, constants and power in a series Rl circuit. 



\ 



Lesson 6 
Lesson 7 



OpefOUon ayid Characteristics of Vacudm*Tubes discusses electron emmission, diodes, tnodes, and multi-electrode 
tubes. ^ 

f ' 

Operation and Characteristics of Transistors covecs transistor functionsr transistor material, electrical charges inside a 
semiconductor, electron-hole movement, electron-hole movement ir^a-smgle crystal, "We relationship of transistors and , 
diodes, bias, movement of charges in a diode, transistor symbols, transistor circuits. Common emmitters, common 
circuits, collector circuits, amplification, transistor characteristic curves, transistorized equipment, «nd testing transistors 
with an ohmmeter. • 



This basic course is designed for student self-study. Each lesson contains objectives, text and review exercises. The answers to the exercises are pig 
grammed so that additional information is provided in trje case of an incorrect chqice, and immediate^ feedback s given on acorrect choice A fifty 
multiple choice final exam is included with the package, but answers are not available. 
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ORDNANCE SUBCOURSE NUMBER 98,* FUNDAMENTALS OF ELECTRICITY 

(24 Credit Hours) „ / 

INTRODUCTION 

study of equipment eUctncal syst«™ ^ * °' h ^ t0 ^ ™? 

. This •subcours'e c*nj isft s of seven lesions and an exaction organized as- follows: f 
Lesson 1 .Electrostatics 



V 



r 



Lesson 2 Electrokinetics v 
Scope— To familiarize you with'the thetfly 



of moving charges. 



Lesson 3 Ohm's Law ana Direet Current Circuits 

SC0 ' eT c : i 0 rcuT S i ! ia ' i2e/0 " With ° hm ' S UW ^ P—eterk of direct current" 

'. *' v . 

Lesson 4. Alternating Current, Inductance, ahd" Capacitance 

Scope-To familiarize you with the fundamental^ alternating currenfand its 
interactions with inductance and capacitance. 

• LeS S?" 5 ***)* T ™' C *?*««* ™* iteMstive-Inductivi Citcufts ' ' ' . 

• • Scope-To fam^ha^.you with the characteristics of RC and RL circuits . 

Les'son 6 Operation and Characteristi.es of Vacuum Tubes ' - 
Lesson 7 Operation and Characteristics of Transistors 
Examination . • • " * 
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CHECKLIST OF TEXTS AND MATERIALS FURNISHED 

* Ordnance Subcourse No 9? -J 
. * ' September 1973 

, No t^xts, other than the attached memorandums in lessons, are used in support of thi 
subcourse. Therefore, you are not required to return any texts to the US Army Ordnance 
Center and School, *• . * \ 

This subcourse may'eontain errata sheets. Make certain that you post? all necessary 
changes before beginning, , * , 

Return al.1 unused franked envelopes to the US Army Ordnance Center and School at 
the same time you sehd,in the answer sheet to the examination. 

* Note* . The following publications were used in the preparation of this subcourse: 

* 4 TM 11-6^1 * ' Electric Fundamentals (Direct Current) 

TM 11.-681 Electric Fundamentals' (Alternating* Current) 
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- CORRESPONDENCE COURSE, 
* of the 

*• ' US ARMY ORDNANCE 

CENTER AN.0 - SCHOOL- 



LESSON ASSIGNMENT SHEET 

Ordnance Subcourse No 98 Fundamentals of Electricity 

Lesson 1 Electrostatics 

Credit Hours * Three r ~~~ 

Lesson Objective ^After studying this lesson you will be able to 

' . state the f ------ - — 

^ « I. Principles of electrification and 

magnetism. 

2. Theory of electrostatics to include 
electric fields and lines of force and 
— » 1 th^r effect on charged and uncharged 

. bodies. 

Text Attached Memorandum 

Materials Required . None 

Suggestions * None . ' 

^ STUDY GUIDE AND ATTACHED MEMORANDUM 

1. INTRODUCTION. 

a. There are two fundamental and invisible forces which are responsible for the 
wonders of electricity: electric and magnetic. These are the forces which make possible 
the operation of electric motors, generators, lights, and other electrical apparatus. To 
become a good repairman of any electrical system an understanding of these forces is 
essential.- 

b. In this lesson we will concentrate on the study of static charges; later, we will 
study moving charges, magnetism, and the operations and characteristics of electrical 
components . ^ 

2. ELECTRIFICATION. , 

a. Early history . The ancient Greeks found that a yellowish resin called amber, 
if rubbed, will attract small bits of wood shavings. They also learned tl^at the invisible 
force about a piece of amber so rubbed is dif&rent than the force about a magnetized piece 
of iron; i. e. , the force about the amber, a nonmagnetic substance, does' not attract 
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magnetic substances; while a magnetic force does not attract a nonmagnetic substance, such 
as wood shavings. Later it was discovered that many other substances such as glass and 
rubber, after being rubbed with a piece of fur, wobl, silk, etc. , exhibit the same charac- 
teristics as amber; i.e., they attract bits -of paper, wood, and certain other light objects. 

(1) In 1733, a Frenchman named DuFay observejd that when a piece of glass 
is rubbed with cat's fur, the glass and the cat's fur both become electri- 
fied, but that the glass will attract some charged objects that are repelled t 
by the cat's fur and vice versa. From this observation he concluded cor- 

' rectly that there are two exactly opposite kinds of electricity. * 

(2) Benjamin Franklin introduced the terms positive (+) and negative (-) into * 
the science in order to distinguish between the two different kinds of elec- 
tricity. Franklin defined a positively charged body as one which exhibits 
the same kind of charge as -that associated with a piece of glass after it is 
rubbed with silk. He defined a negatively charged body as one which 
exhibits the same kind of a charge as that associated with a rubber rod 
after it is rubbed with cat's fur. He defined as electrically neutral all 
bodies which exhibit no charge. 

(3) Further study and experimentation since Franklin's time have added much 
^ y information regarding the characteristics of electric charges and forces. 

b. Attraction and repulsion. * The forces of attrS^tion and repulsiin between elec- 
trically charged bodies may be demonstrated as follows: One end of a rubber rod is rubbed 
with fur and then suspended by a piece of string (fig. 1A). When a second rubber rod has 
been electrified the same way and its charged end brought near the charged end of the sus- 
pended rod; the latter turns away (fig. 1A) showing repulsion. If, instead of the second rod, 
the fur is brought near the Charged end of the suspended rod, the latter turns toward the 
fur (fig. IB). If a glass rod, rubbed with silk, is brought near the charged end of the 
suspended rod, there is attraction (fig. 1C), but when the silk is used, there is repulsion 
(fig. ID). Since the fur and the glass bath attract, these have the same kind of electricity 
and are said to be ppsitively charged. The rubber and silk are said to be negatively charged. 
This experiment shows that two kinds of charges or electricity exist. It also demonstrates 
a rule concerning the action of one kind of charge on another. 

]1) Figure 1A shows that two negative charges repel each other. Figure 1C 
shows that positive and negative charges attract each ot^er, and figure 
_~ - j£ s h 0ws that two positive charges repel each other, 'f-his attraction or 
repulsion is mutual and. is *expres s ed in the following fundamental laws: 
LIKE CHARGES REPEL EACROTHER; UNLIKE CHARGES ATTRACT 
EACH'OTHER, or, THE FORCE BETWEEN TWO LIKE CHARGES IS 
ONE OF MUTUAL REPULSION; THE FORCE BETWEEN TWO UNLIKE 
CHARGES I§ ONE OF MUTUAL ATTRACTION. 

(2) Also, it has been found that the force of attraction or repulsion between 
, two electrical charges varies directly w ith the product of the quantities 
of the charges and inversely with the square of the distance between 
them. This may be expressed by the following mathematical equation: 
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Figure 1. Attraction and repulsion T>f charged bodies. 
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where J* = force, 

d = distance between charges, ^ 

ql = quantity of one chirge, 

q2 * ' .quantity of second charge^and 

, ": e * dielectric permittivity of the medium in which the 

A - * charges are located. 

' In vacuum, e = = !>' - 

The' force is one 'of attractibr\if the charges are unlike and one of t 
repulsion it the charges are alike^^ j 

• c. Structure of matter . Matter may be defe^as any substance that has 

Exampies-of -matte r-alfei^ix we breath e_.^ater,_ 
cars the clothing we wear, and our own bodies. From these espies, we can con- ■ 
elude that matter may be found in kny one of three states; namely, solid, liquid, or 
gaseous. 

(1) All matter consists of one or more basic materials which we call 
elements . Scientists have definite proof that 102 elements exist 
and believe that there are several others as yet undefined. In 
chemistry, an element is defined as a substance that can be neither 
decomposed (broken up into a number of substances) by ordinary 
chemical charges nor made by chemical union of a number of sub- 
stances. Copper, iron, aluininum, and gold are examples of 
metallic elements; oxygen, hydrogen, and. sulfur are nonmetallic 
elements. ^fefcfc 

(2) A substance containing more?than one .constituenTelement and 

- having properties different from those of the elemental constituents 
is called a compound. For example , water is made up of two parts < 
hydrogen and one part oxygen. Therefore, --water is a compound. 

(3) A molecule X* defined as the smallest particle of matter which can 
exist by itself and still retain all the properties of the original 
substance. If we talce a drop of water, a compound, and divide it 

# ' until we have the smallest particle possible and stillhave water, 

that particle is known as a molecule. An idea of the s.ize of mole- 
cules may be obtained by imagining that a stone is first broken into 
two pieces, and that this process is carried on indefinitely. The 
smallest particle of stone which could be obtained by this process 
. would be a molecule. Actually, it is impossible to crush a ston v 
into its molecules; wc can only crush it into 'dust. One small particle 
of dust is composed of thousands of molecules. 

(4) An, atom is defined as the smallest part of an element that can take 
palt in ordinary chemical changes. The'atoms of a particular ele- 
ment are of the same average mass*, but their average mass differs 
from that of the atoms of all other elements. For simplicity, the 

IT - atom may be considered to be the smallest particle that retains its 

identity as part of the element from which it is divided. Figure 2 

\ shows that a molecule of water is made Mp of two atoms of hydrogen 

and one of oxygen. Since there are 102 known elements, there must 
be 102 different atoms or a different atom for each element. All 
substances are ma^e of one or. more of these atoms. Just as 
thousands of words can be made by combining the proper letters ol 
the alphabet, so thousands of different materials can be made by * 
chemically combining the proper atoms. ^ 
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Figure 2. ,Water molecule. 



(5) Although it was^formerly believed that the atom was the smallest 

particle of matter* it is known now tftat the atom itself can be sub- 1 
divided into still smaller, or subatomic particles: electrons, 
protons, and neutrons. 

d. Atomic structure . Figure 3 shows how three aluminum atoms would 
pVobably appear if magnified "100 mflhon times, surrounding the positively charged 
nucleus are negatively charged electrons that continually rej/olve at a very hfigh speed. 
The electr<*n theory explains that the atoms o^atl e lements^ ( coppe r,, gold, oxygen, 
etc.) are similarly constructed of a central nucleus and revolving electrons. 
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CONSTRUCTION OF ALUMINUM ATOM 
NUCLEUS — 13+ POSITIVE CHARGES 
flRST SHELL— 2-BOUNO ELECTRONS 
SECONO SHELL- 8 - ELECTRONS 
THiRO SHELL- 3- ELECTRONS 
POSSIBLE TO QE FREE 



figure 3, Tfiree atoms of aluminum. 

e • Examples of atomic structure. 

(1) Figure 4A represents the atomic structure of the simplest of all 
atoms, the hydrogen atom. It contains one electron revolving 
around one proton winch acts as a nucleus. Because the negative 
charge, on ^he electron is exactly equal to the positive charge on the 
^ ' protdri, the atom is electrically balanced or neutral. An atom is 
always electrically balanced - the number of electrons equals the 
numbed of protons. t 
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Figure 4. Structure of atoms. . 

*(2) Figure 4B represents the helium atom t The nucleus of the helium 
* atom contains two neutrons and two protons,. The positive charges 
N of the two protons are just balanced by the negative charges of the 
two revolving electrons and the electrical charge on the entire 
atom is again neutral/ >• 

(3) Atoms of other elements are more complex than the hydrogen and 
helium atoms. For example, figure 4C represents the structure 
of the carbon atom. Note that the six orbital electrons revolve in 
two separate rings tor shells . 

( w 4) In figure 4D an even more complex.atom is shown; namely, .the 

copper atom. The nucleus is composed of 29 protons and 35 

-« neutrons. The orbital electrons revolve in four separate shells, 

* only one electron revolves in the outer shell, 

« V * ' * >* 1 

t f. l*he building^blocks . The electron theory shows that the only difference 

amo^g^the various elementsTs the number and arrangement of the electrons, protons, 

and neutron'^ of which each atom is composed. The»e is no difference between the 45 • 

electron in an'atom of copper and the electron *n an atom of aluminum, or any other 

element. There is no difference between a proton in one atom and a proton in another 

atom of a different element* Likewise, the neutrons in the atoms of various elements 

are thought to be identical. Since all matter is composed of atoms and all atoms are 

composed of positively charged particles called proton, negatively charged particles * 
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called electrons, <*and uncharged particles called neutrons! it follows that the proton, 
Electron, and neutron are the fundamental building blocks of the universe. 

jj. Characteristics of subatomic particles. 

(1) Electrical . The electrical charg^*of the proton is exactly equal 
\ . * and opposite to that of the.electron; i. e ; , the proton and electron 

contain exactly equal amounts of opposite kinds oPelectricity. Be- 
1 cause it is~oelieved that no smaller amount of electricity exists, 
the charge .on the electron or proton is the elemental unit of elec- 
trical charge. However, the elemental unit is boo small a quantity ' 
of electricity for practical purposes and a largeViriit of charge 
called the coulomb is commonly use"d. One , cou lombof electricity 
contains over o million, million, million (6. 28 x 10 ) electrons/ 
Neutrons are uncharged particles. 

(2) Physical . Electrons aad protons are approximately sriherical 
particles of matter. The diameter of an electren, approximate ly 

0. 00000000000022 inch, is about three times the diameter of a 
proton. Despite its smaller diameter, a proton Has a mass 1,850 
times greater than the mass of the electron; that is, a proton is 

1, 850 tftnes heavier than an electron. The diameter and mass of a 
proton and a neutron are approximately the same. Relative^ 
speaking, there are great distances between the electrons and the 

'protons of an atom even in solid matter. It has been estimated 
_ that-*f-a-copper-on«- cent-piece could -be~e n targe d-to-the-size-of "the" ~ 
earth's path around the sun (approximately 186, 000,000 x 3. 14 
^ miles), the electrons would be about the size of baseballs and would 

be about 3 miles apart. What then keeps the'electrons in their 
^ orbits? In order to better understand this phenomenon, we must 
continue our study of energy as evidenced through the forces of 
nature. 

h- Charging b y contact. Figure 54 shows a neutral body with equal numbers 
of electrons and protons. If, as shown in figure 5B, a negatively charged body is ' 
placed in contact with the neutral body, electrons will pass from the charged body to 
the neutra^body. If the negatively charged body is then removed, the body that was- 
original^ neutral will possess. an excess number of electrons and will, therefore be 
negatively dharged (fig. 5C). If, during the above experiment, a positive^ charged 
rod had peeh used instead of the negatively charged rod,Whe neutral body would have 
lost some eft its electrons to the positively charged body and the neutral body then 
would have acquired a positive charge. In either case, the neutral body is charged 

by contact and becomes charged with the same polarity or kind 5 of charge asThe : 

charging body. , 1 

i* Charging b y induction . A second method of charging a neutral body /s" 
by induction . * * 

Suppose that a neutral body is again suspended by a piece of string 
(fig. 6A), and suppose that one end Of this neutral body is connected 
to another large neutral body, ground of earth, by means of a 
switch. 

lias shown in figure 6B, a Negatively changed rod is brougnt near 
to, but not in actual contact wkh! the neutr,a*/body , the negatively 
Charged body will repel electrons on the neubral body and will cause 
some of these electrons to flow into the grouyd. 



(I) 



(2) 
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Figure 5. Charging by contact. 

(3) If $he switch is opened before the rod is removed, thle. suspended 
body will have more protons than electrons and, therefore, will be 
positively charged (fig. 6C).. 

(4) If a positively charged rod had been used instead of the negativeTy 
charged rod in the above* expe riment , electrons would'have, gone 
from ground into the suspended body,. consequently, the netural, 

, . body would have acquired a negative charge, In each instance » 

there is no actual contact betweenjthe body to be charged and the 
s charging body; no e lectrons. *pass from one to the other. This 
method of charging is called charging by induction. 

3. ELECTROSTATICS. 

* * a . Electrir field and tines of force : Just as lines of force are used to > 
represent" the.^rection of the magnetic force, -associated with one or more permanent 
magnets, they can also be used to represent the direction of the electric force^about 
Kie or more' charged bodies. For example, suppose that a changed body is placed 
under a piece of glass and some short brush .bristles are then sprinkled oyer thejop 
of the glass. When this is done, 'the bristles* which fall close to the charged body and 
other bristles in'the vicinity of the charged body, move somewhat before coming to 
rest. It can pe concluded, therefore, that the charged body is exerting a force on 
the bristles. Since there is no physical contact between the charge and the bristles, 
say, that the charge produces action at a distance . It is often said that the charge 
creates a field of force" in space . Also 4 , examination of the pattern forced by the 
brist§*:on the glass "reveals that the bristles aline themselves in definite dictions-, 
(a fact'wfcrch leads -to attribute a' diyction to the forces in the electria^^ldl . ^No 
matter.hqtf many- time's- th/above experiment is' repeated, itwill v be founo^th^rtKe 
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bristles always arrange themselves into a ft^akpittfern (provided thaf no other 
strong electric charges'afle in the vicinity tS^tttort the electric field) ♦ This>radial 
pattern is represented by radial lines pf fo'PclrVft A or. B v of iigure 7/ * % ? 
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6, Charging by induction. 
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Jb. Exploring an electrical fie Id , An electrical field about a changed body 
is explored by the use of another charged body known as a test charge'. By agreement , 
a unit positive charge is always used as a test charge . A method of exploring an 
electrit field with a test charge is as follows:" suppose a test charge is carried from 
point tp point in the vicinity o{ some charged body. Then, we find that at every point 
the test charge is acted upon by a force having both magnitude and direction. That 
is, as it is .carried from point to point, the^test charge experiences a force which 
varies in strength and direction. Thus, the electric field intensity at any point in^ 
the field is defined as the force which a unit positive charge would experience if 
placed at this point. Fpr example, if the unit positive test charge were carried in 
the vicinity of a negatively charged body, the force on the test charge would be one of 
attraction (mutual attraction of unjike charges). However, if the test charge were 
carried inahe vicinity of another positive charge,, the force acting on the test pharge 
would *be one of repulsion (mutual repulsion of like charges). 

c. Electric li'nes'of force . An electric line of force is, by definition, a 
line which at every one^p/ its points gives tfre direction of the resultant electric force 
acting on a* unit positive charge if placed afc-this point. In other words, the tangent ) 
to the Una at any point is the direction of the electrical field intensity at that point C 
A and B of figure 7 are examples of lines of force representing electric fields. „ 

(1) Coulomb discovered experimentally that the force of attraction or 
repulsion between two point charges of magnitude or strength 
and £2 separated by a distance d' is given by the^formula — 

'. - ' „ . + q l q 2 



V;\- ed 2 

in which e = a constant, characterizing the medium in which the * 
charges are located. The plus sign is used if q ^ and q^ have like 
charges ^nd the minus sign is used if qj and q2 nave unlike charges 
A point charge is a charge which car^be considered to be concen- 
trated at a point and a way "of attaining this in practice is to charge 
a sphere,of very small radius. In this case, the'charge would 
occupy negligible volume and anight be treated as a point charge. 
However, it must be realized that a point charge is an idealization 
which cannot possibly be attained, since the smallest unit of charge 
is that of the electron which occupies a definite amount of space. 0 
Therefore, in view of what has been said, Coulomb's law can be 
inte rpreted as giving the force 'between two charges, the physical 
dimensions of -which are small comparedAvith the distance between 
them. - 2 - 

(2) Figure 7A shows the lines of force'which represent the efectric ^ 
field produced by a positive point charge. The field is radial, since 
the fordfc on a» unit positive test charge if placed in the field would 
be along the line connecting it to the field charge. Since both charges 
aTe positive, the force is one of repulsion, which explains the^direc- 
tion of the arrows on the electric field lines.^ Since, by definition, 
the'field intensity at any point is the force on a un;t positive test 
* charge place w d at this £ffint, we can find the magnitude of this force 
by using Coulomb's law and making q^, the test charge, equal to 
1. Thus, the electric field intensity at any point distant d from the - 
point charge q j is : 



F = 



- ed 2 
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#hia equation shows that the field intensity varies inversely as the 
1 squaife of the distance* from charge q . The letter F is .used to de- 

ggjgfenote eteCtric field intensity. It is customaryfcfcjn mapping the field, 
fo draw more lines in regions of greater intensity; with this con- 
vention, region* far away from charges would have a smaller 
number of lines drawn per unit a>ea than regions closer to the 
charges. Notice that the field diagram for a negative point charge 
L . is. essentially that of,a positive point charge, except that the arrows 

6 are reversed. This follows since the force onthe'test charge would 
then be. one £f attraction. 

d. Lines of force associated with two charged bodies. In-arder to picture 
the flpVd when more than one charge is present, use the principle of superposition. 

» This me*ans that to find. the. force -on a unit positive charge when 

♦ two charges are present, the following steps are taken: 



(2) 



(a) 

Sk) 

(c) 



Find the force caused by charge No 
Find the force caused by charge No 



1 a-cting alone. 

2 acting alone* 

Find the resultant by totaling the two forces , 'taking into 
account the directions of the forces. 



♦To grasp this more fully, consider the following illustration. 
Suppose^it were possible to have two point charges of equal magni- 
tude and opposite signs located at the same point (fig- 8). Then at 
any point in £pace a unit positive charge would expedience two 
forces, one of repulsion caused by the positive charge and one of , 
attraction caused by the negative charge. Since the superimposed 
charges have equal magnitudes, the forees would be equal and thus 
would have a resultant force equal to zero. This condition is shown 
in figure 8. 
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Figure 8. Superposition of unlike charges of equal magnitude. 
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(3) Now, let us find by the same method the field due to two point 

charges which are separated* It must be understood that, despite * 
the fact that the test charge will be Subjected to two forces, it can 
pnly'move in response to the resultant force. (In the case of two 
^equal and opposite charges locate4 at the same point, the resultant 
force on the' test charge at any point in the field was found to be 
zero. This means that the test charge will not tend to move, but 
will remain at rest.) 

(a) Figure 9 shows the test charge being acted upon by two forces: 
the force caused by the positive charge, and the force caused 
by the negative charge Since the test charge can only respond 
to the resultant force, and since it can only move in one direc- 
tion, it actually experiences a displacement in the direction of 
the resultant force. Thus the direction of the^electric iie Id at 
the point of the test charge is shown by the direction of the 
arrow .dn the resultant force in figure 9. 

ro*ct or *f.n>cs*o*i 
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HCSUU4NT FO«CC 
ACT i NO ON 
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Figure 9. R|sultant of forces exerted by unlike charges . 

(b) By using this method, it is possible to determine the direction 
of the electric force at any point on the field produced by two 
equal and unlike point charges or two equal and like point charges 
(A andB of fig. 10). The, lines' of force represent the direction 
of the resultant force at every point in an electrical field. Note 
that in figure iOB, the point midway betweeh the charges ex- 
periences zero resultanWoilce, -thus, "a test charge placed at 

. this point would remain at rest./ „ t 

* 

e. , Potential difference, A difference ofjpotentiai exists bet* een the terminals 
of a battery* For this reason, if a battery were connected as shown irf figure 1 1, 
electrons in the wire would be repelled from the negative terminal ajid attracted to .the 
positive terminal. As a result, a movement or flow of electrons through the wire 
would take place. 'in practice, it is customary to use the words' potential and voltage 
interchangeably. So, for Jthe two plates A and B, one can s*peak of either the voltage 
rise in going fsom A to B or the voltage drop in going from B to A . Consider the 
following example; Plate A is at a potential of 2 volts and plate B is at a" potential 
bf ; 3 volts (the volt is the unit by which potential is measured, as* will be explained 
later). The rise in potential in* going f rom A^ to jB is 3 -L2=*l volt.* The drop in 
potential in going from A to B is 2 - 3 = -1 volt.^ (The-re isactually, a drop in poten- 
tial in going from B to A . ) The potential" drop in-going from JB Jo^A is, 3 - 2 = I volt. ^ 
Thus we see that for any two points A^ and li, the potential rise. in going i rpm A to B 
is the same as the drop of potential. in. going from B to A. Either of these quantities 
may be negative , as shown* by the exampll. Wherever the word potential is used, 
the term voltage can be substituted. As mentioned previously, potential or voltage 
is measured in volts . Thus a volt is essentially work per unit charge. When we say 
that the voltage of a battery is 100 volts, we mean that the voltage or' potential rise 
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in going from the negative to the positive terminal la 100 volts. -The negative sign 
that is used in battery diagramj does not mean'that the negative plate is actually at 
a negative potential but merely that with respect to any refefence pofnt, is at a 
lower potential than the plate, ma rked plus . The term ground is very often used in 
electricity as a reference point . Thus, in a radio set, component parts are connected 
to the metal chassis which, in turn, is' connected to ground. In this case, the chassis" 
is the reference point. In trolleylsystems with overhead wires, the rails are con- 
nected to the e«irth or ground to prevent any injury to a person stepping on them!"- 




>> A, Lints of force tuocitlrt »uh unlike cbvfts 

B Uo*s oi terct ux>mit4 with likt c&vft* 



Figure 10. Lines of force for like and unlike, charges . 
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Figure 11, As a result of chemical action in the battery, plate B is higher in 
potential than plate A, and electrons f\ow through the wire from 
^AtoB. - 4 
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LESSON EXERCISE QUESTIONS 
Instructions for use of the answer sheet; 



1/ The procedure by which you will answer the exercise questions in this subcourse is 
probably new to you, The information is presented in a programed instruction format 
where you immediately know whether or not you have answeredyttre questions correctly. 
If you have selected an incorrect answer, you will be directed to a portion of the study 
text that will provide you with additional information. 

Z. Arrange thi* subcourse booklet and your answer sheet so that they are convenient. 
Each exercise question has three choices lettered a, b, and c. Your answer sheet has 
three groups of numbers for questions 1 through ZOO. The numbers indicated for each 
question represent the a, b, or c choices. The exercise response list is in the appendix 
to this subcourse. It contains' a listing of 3-digit numbers in numerical sequence. Each 
number is followed by a response that either reinforces a correct answer or gives you 
additional information for an incorrect answer. 

3. To use this system proceed as follows: 

a. Read the first exercise question and select the choice you think answers the 
question correctly. Go to the questipn 1 are'a of your answer sheet and circle the 3-digit 
number that corresponds with the c^oi^e^^ou selected. 

b. After you have identified the 3-digit number, locate it in the exercise response 
list. If you selected the right choice, the first word of the response will be "CORRECT. ' 
This tells you that you"frave answered the question correctly^ Read the rest of the\esponse 
which tells why your choice was correct and then go to the next question. . 

c. If the word "CORRECT" is NOT* the first word of the response, you have selected 
the wrong answer. Read the rest of the response and then turn to. the area in your^tudy 
text that is mentioned. There you will find the information necessary for you to make 
another choice. Be sure to read all of the response Because* it will help you select the 
correct answer and it also provides more information. Line out the incorrect" 3-digit 
response on your answer sheet.] 

d. After you have reread thejreference, select another answer and circle the 3-digit 
response for that choice*. Again check the number of this second choice with the response 
lir.t to seo if your choice is now correct and to obtain more information about your choice. 
If your second choice i* still not correct, line out the 3-digit response on the answer sheet 
and continue until the correct answer is selected. When you have answered all of the \ 
questions in an exercise, count the number of lined out responses anS see how well you did. 

4. You will notice tKat the lesson exercise question numbers continue consecutively from 
lesson to lesson. This.allows you to use one answer sheet for the entire subcourse. 

5. After you have finished the exercise questions for all lessons, fold and seal the answer 
sheet so that the USAOC&S address is on the outside. Drop the answer sheet in the mail % 
so the school will know you have completed the study portion of- the subcourse and are now 
ready for the examination. | 

# €^ - " 
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EXERCISE 

1/ The common electrical term used to designate work per unit charge is the 

a. ampere. 

b. coulomb. 

c . volt . 

2. Which of the following is NOT a subatomic particle? 

a. Electron * 

b. Molecule 

c. Neutron 



3. According to v DuFay there are how many kinds of electricity? * * 

a. 1 . . 

b. ^ 

c. 3 

4. The smallest particle of a substance that can exist by itself and still retain all the 
properties of the original substance is known as the ^ 

a. nucleus. 9 

b. molecule. 
» c. atom. 

5. A substance consisting of two or more elements is called a 

a. combination. 

b. composition. j 

c. compound. 

1 \ . ' 

6. The polarity of a 'test charge used to explore an electric field is by agreement always 



, a. negative. 

b. neutral. . 

c. * positive. 

* » 

Z# If two positive electrically charged bodies are brought close together they will 

a. attract each other. 

b. repel each^ other. „ 

' c. not affect each oth^r. 4 % 

8. Anything that l^as weight (mass) and occupies apace can be classified as 

a. an atom. 

b. a compound. 

c. matter. 

9. A test charge is used to ^ . 



.a. verify ther*^resence or absence of a charge. ^ 
b. discharge^ previously charged body. . ^ 



ie-pres< 

c. "^charge a previously neutral body. 
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10. What is the formula for determining the electric field intensity at any point? 

* * 2 

a. F = + x 1/ed 

b. F a + q t x q 2 /ed 2 

c. F= < +q 1 xq 2 /ed » N 

llTNlf the electric charge of one of a pair of charges' is doubled, the fqrce between the 
tWo charges will 

\ a. decrease by half. 
** s ' b. double. 
, x quadruple. 

<\ 

^ 12. What term is often used in place of "potential" in common usage? 

a. Amperage 

b. Current • a0 

c. Voltage 

13. How would the original force between two point charges be affected if the distance 
was doubled,? * 0 

a. Double 

b. Decrease by half 

c. Decrease by three-quarters 

14. A substance that cannot be broken up'or made by ordinary chemical action is referred 
to as 1 * 

a. an atom. 

b. a compound, . * • 

c. an. element. 

15. How many states is matter found in? - 

a. 1 ' * 

b. 2 

c. 3 * 

16. When a neutral' body is charged by induction it will be 

a. negatively charged. 

b. s of opposite charge than the charged body. * 

c. the same charge as the charging body. \ " 

Which of the following materials would NOT be attracted by a piece of amber?/ 

a. Iron , ^ • 

b. Wood 

c. Paper * 

18. Approximately how manj elements are lcnown today? 



a. . 97 

b. * 102 

c. 110 
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19. The elecfcric charge on an electron is * 7 

. a. equal and opposite to a proton, j 

b. larger and opposite to a proton, 

c. ^equal and opposite to a neutron* 

20. If a neutral body is touched by a positive electrically charged body for a short period 
of time 

* * * ■ 

a. electrons will flow from the positive body to ,the neutral one, 

b. the positive body will reverse its polarity and become negative, ^ 

c. the electrons will flow from the neutral body to the positive body, 

21. If an aAm has a nucleus with eight protons and six neutrons, how f many electrons 
will be in the outer shells? 

* a. 8 * 

bl 6 • . 

c. 2 ' 

22. Which statement is NQT correct? 

a. Neutrons and protons have about the same mass 

b. Neutrons have a heavier mass than electrons 

* c. Neutrons and electrons have aboiat the same mass * 

23. Which of the known elements has' the simplest atomic structure 9 

* * • 

a. Hydrogen ' 

b. Carbon 3 

c. Copper . - • i 

24. Which of the following is NOT an element?*^ 

a. Helium ^ ' 
> b. Silver 

c\ Water . 

25. One coulomb is defined as consisting of 

a. 6. 0 x 10 18 protons, 

b. 6.28 x 10 18 electrons. 



v c. 6 million million protons. 
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CORRESPONDENCE .COURSE $ 

of the „ 
US .ARMY- ORDNANCE ^ ^ 

CENTER AND SCH'OOL ' 

■ LESSON ASSIGNMENT SHEET 
Ordnance Subcourse No 98 ........ . Fundamentals of Electricity 

Lesson 2 ' Electrokinetics 

Credit Hours ^<Three * <^ 

. Lesson Objective After studying this lesson you will be able to: 

,1, State thejthree factors of an electric 
U * circuit and describe their effect on a 

1 each other. t ✓ 

2. Describe the phenomena of moving 
.» charges* 

Text * Attached Memorandum 

Materials Required None 

Suggestions ■* None 

STUDY GUIDE AND ATTACHED MEMORANDUM ' 

1. INTRODUCTION. V. ^ 

a. General * There are three fundamental factors present in every electric 
circuit; current, voltage* and resistance. Thus, it is important that a, precise expla- 
nation of each of these be given* 

b. Kinetic . The first lesson of this subcourse introduced you to the principles of 
static charges. Now we will see what happens when those charges are made to move. 

2. CURRENT. * . • 

a. 'Definition of an electric current. The term current means running or flowing, 
and an electric current is a flow of electrons caused by negative charges tending to move 
from points of lower potential to points of higher potential. When the current in a circuit 
flows at the rate of one .coulomb per second the resulting term is one ampere (1). Thus, an 
ampere is the* unit of intensity in the flow of an electric current. Current flow requires a 
^closed path from a negative (-) terminal to a positive (+) terminal. 

. b. Types of current . There are two types of current flow in general use and these 
are the ones of interest to us, 4 

{I) Direct current is a current that flows intone direction only and maintains 
the applied voltage at a constant level. 

(2), Alternating current is a current thaf*reverses direction at regularly 
recurring intervals (cycles) with a subsequent rising and falling of the 
applied voltage. 
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/ Evidence of ele*ctric»cur rent . The how of electrons (electric current) 

makes itself evident to the average person in one of four ways, transmission of 
power, production of heat , magnetism, or chemical action. 



(i) 



/ 



(2) 



Current flowing through a transmission line carries electrical 
energy from distant powerplaats to consumers instantly, sileatly, 
and efficiently, in any quantity desired. It is the most economical 
method for transporting p'ower ever devised, and without it we 
could not utilize the vast amounts of power produced at. our hydro-, 
electric dams. o 

Current always pfoduces heat when it flows through a conductor. * 
The amount of heat produced depends on the material and size of 
the conductor, and bn the amount,of current flowing. For example, 
electric irons and toasters must have heating elements that will 
produce enough heat to be practical. The light produced by an 
electric bulb x is caused by the current flowing through the thread- 
like conductor called the filament. This filament must be heated 
so that it glows. However, the conducting wires tnat carry the 
'current to the filament must not become hot enough to glow. 



(3) 



Current produces magnetism when it flows through a wi-re. This 
is a very important effect, for it is the operational basis of millions 
of electrical units such as generators, motors, and electromagnets/ 
^ Without this effect, there is no known way to- gene rate eleetrfcity 

cheaply or to convert it into mechanical energy for the purpose of 
performing work. 

(4)^ Current protTuces xhemical action when it flows through a liquid. 
Examples c(fjjus effect are the charging of a storage battery, the 
electroplating proce s s , and the sepa ration of precious metals from 
their ores. Electric shock is the unpleasant and sometimes "** 
dangerous sensation of a direct application of voltage, to the human 
• body. The effect of current flow on the body cells is chemical. We 

• often speak of voltage as the cause -of shock but the fact is that the 

current really does the* damage. The pain^and violent muscular 
* i contract;on are due to the effect of current on the nerve centers * 

and on the nerves themselves, for they are the best conductors in > 
the body andalso the parts most seriously injured. 

d. Measurement of current . Current is measured. with an amme*ter . Since 
the construction of this instrument is beyond the scope of this lesson, only the method 
of using the ammeter in a circuit will be- given (fig. 

(1) Figure 1A shows the proper way' of connecting the ammeter. The 
instrument is put in series with t*}e> load, so that the positive t*r- 

v minal of the ammeter is connected to the positive terminal'of the 

battery. If the connections were reversed, the meter would deflect 
d&wnscale, and the initial impact of the needle with the lower side* 
of.the case might bend it considerably. - ## 

* * " J 

(2) Figure IB shows the w^ong way of using the ammeter. Notice that 
with this circuit the arryrieter is directly across the, battery termi- 
nals. The meter is of low resistance and jiot designed to withstand 
even moderately high voltages* Consequently connecting an ammeter 
across the line will usually burn out the meter movement. 

9 m 
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Figure 1. Correct and irfcorrect usage of an ammeter. * 
3. 'RESISTANCE. 

• a. General . * Electric current is just like most peoples— therefore it always 
tries to find the easiest way. This is the* basis for a very important rule, current 



will always take the path of least resistance. . ^ 

b. Resistivity . Resistivity is the tendency of a material to hold on to its 
electrons. The more free electrons the lower a materials *esistivity; the smaller 
the number of free electrons' the higher'the material resistivity. 

c. Conductors . Conductors are those materials (usually metals) that have 
many free electrons and permit fiie easy passage of current. 

- i 

d. Insulators . Insulators are those materials that have only a few free • 
electrons and thus oppose the flow of current. 

y Semiconductors . Semiconductors are* materials that fit in neither the 

"conductor nor insulator classes. They are used today in transistors* whjch are dis- 
cussed in a later lesson. 

♦ ». 

f. * Resistance. Resistance (R) is a material's total opposition to current 

flow because of its size, shape, length,' temperature, and resistivity. Actually, the 
effect of temperature is on the property of resistivity; increasing the temperature 
increases the resistivity and thus increases the resistance of the material fexcept 
for some special cases such as carbon). Temperature usually has fairly little effect 
on the resistance of a material. The length and cross sectional area are another 
• matter however. R (resistance in ohms)'= p 1/A, where: 

p » resistivity. 

. 1 * length in centimeters. 

A = % cros3 sectional area in^square, centimeters . 

From the formula you can see that the resistance is^directly proportional to the 
material's length, thus the longer a. conductor the more resistance encountered by 
current. Resistance on the other hand Is inversely proportipnal to cross sectional 

area, the more cross sectional' area a conductor has., the easier current -can flow, 

• * ** 

g. Common conducting materials . ** , 

K * - . ** 

(1) The fact that copper is used as a conducting material to a greater 
' extent <than any other material is accounted for not only by its high 

conductivity and comparatively low cost, but also by the excellence 
of its ph/sical characteristics in general. It has high tensile strength 
(49, 000 to 67, 000 % pounds per square inch for hard-drawn copper), 
relative freedom from atmospheric corrosion, and is easily soldered. 
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% { 2 ) Si lveJr has " the* hi 8 n(e 8 * . conduc tivi ty of ."all m e t als but , b e c au s e o£ 

its high cost, is only' uied when peak performance is more impor- i 
tant than cost. Silver^is used in measuring instruments and low . 
- loss transmission-lines. * ♦ \\ 1 J - . .. 

(3) Aluminum is the or incipal .competitor .'of* copper in high-voltage 
transmission^lines. It-has. a resistivity of 2.828 microhms* " P 

, (I ohm x^iO-^) per cubic centirn/ter at20°C. , v as compared with 
1.7241 microhms for copper, making it* "conductivity 61 percent of 
that of copper .-^The^ensity^of ali^i^um is 2.67, or^only 30 percent 
of that of cooper.. -F&r- example^ *if two transmission lines,, one made 
* of copper and the 'other made of aluminum, are to transmit the same 
^ amount of power with, the -same loss in transmission, the aluminum 
line will weigh about half the copper line, the total .cost of tfye^two^ 
installations wilrte the same only if the price of aluminum per 
pound is twice that of copper. 

(4) Metallic alloys exhibit numerous interesting characteristics, 
especially with respect to temperature coefficient and resistivity. 
Manganin, for example, which is an alloy of 84 pe rcenWcopper , 
12 percent manganese, arflT4 percent nickel, has a^yery low tem- 
perature coefficient (.000006) which makes it very useful in the # 

c ^construction ol measuring instruments and,their accessories, .in 

which constancy of resistance, independent of the, heating effects of 
current, is important. 



4. VOLTAGE, 



a. General. If we are going to have a flow of electrons (electric current), 
we need som* sort of force to supply a pressure to move the electrons. This force 
is voltage, it i* often referred to as*e.m.f. (electromotive force) or potential; it is ( 

measured in units called volts (E), . * , * t » 

• * •? « 

b. Volts » One volt is defined as the amount of e.m.f. necessary to force 
one ampe"re of current through a conductor whose resistance is one ohm. You*will 
study .this relationship in more detail when Ohm's law is discussed in the next lesson. 

Measurement of voltage . Voltage is measured by connecting a voltmeter 
in parallel with the circuit under test (fig. 2A). A voltmeter is ifsually of high resis- 
tance and is not designed to withstand any appreciable current, thus it should NEVER 
be'placedin series with the circuit load (fig. 2B). In fact most voltmeters have coils 
designed for currents in the low milliampere (0.001 amp. ) range. Proper polarity 
must also be carefully observed to prevent meter damage, i.e. , positive meter 
terminal to ppsitive voltage, and negative terminal to negative voltage. ( 

' d. Sources of voltage . There are several sources of voltage supply such 
as: d. c. ""generators, a.c. alternators, and batteries. Batteries are one of the most 
important sources of voltage for military equipment as they are .fairly light and 
portable. Batteries do not require some sort of mechanical power to develop elec- 
trical energy as 'S^gy depend on chemical ^reaction. 

e. Cells and batteries . At one time a cell was conside/ed.to be a single 
unit, such as a voltaic cell, which furnished a source of electricity. Also, a battery 
was defined as a combination of two or more cells connected together in-order to 
obtain higher voltages or longer operating life. However, this distinction between 
the cell and battery is no longer valid. Instead, the terms cell and' battery arcnow 
used inter changea/blyT' m * ' 
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(1) Primary, cells, AW cells or batteries are classified under two ^ 

. general headings, primary cell9 and secondary cell9. The voltaic^ _ 
cell described be^ow is a primary cell, a name given to any cell 
in which*an electrode is consumed gradually* during normal use, 
and cannot be restored to its original useful state by recharging 
electrically. JFor example, ii\ the voltaic ceil, the zinc electroaV 
disintegrates gradually with use asN^inc ions* are produced and * ^ 
enter the solution^of sulfuric acid. However,,; most primary cejls^ , 
in general use are not of this type. Instead, the use of £hese wet 
primary cells is confined to laboratory, experimental, and special- 
purpose work. Most primary cells are of the so-called dry type. 
Common examples of dry cells are those used in flashlights, 

"* portable. radio*', etc. A dry cell can be used for a considerable 
period of time but it must be discarded when one 6V its electrodes 
is worn out^r consumed. It is not practical to rebuild °a dry cell.. 
Dry' cells are used extensively in military communication equip- 
^ ment and furnish an e.m. f<? for a variety of circuits. > 

(2) Secondary cells . In a.secondary cell, an el£c$rp4e is no£ destroyed 
during "normal use. The secondary cell may*be renewed or-re- 
charged electrically when it becomes run down . Common $ype^ 

of secondary cells.are the storage batteries used to.sujSply energy c 
for electrical parts in automobiles. ■ % , , m . ' 9 « * * 
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!• Chemical explanation of cell operation * When two electrodes are placed 
in a solution in order to make a voltaic cell, a chemical action takes place. The most 
important re*sult of this chemical action is that one of the electrodes is given a posi- 
tive charge and the other electrode is given a negative charge . Thus, there is a • 
difference of potential, ore.m. f. , between the two electrodes and a source of elec- ' 
tricity is available. An understanding of how the chemical action produces an e,m.f. 
requires some knowledge of Chemistry. 

(1) Whenever an acid or salt is mixed with water to make a solution 
or electrolyte, two actions occur. First, the aci£ or salt is dis- 
solved in the water and, second, a chemical process called 
ionization takes place. That is, some of the substance that has 
dissolved in the water breaks up into tiny particles which carry 
electrical charges. These particles are called ions. Anion is 
defined as a particle of subatomic, atomic, or molecular dimen- ' 
sions that carries either a positive or negative electrical charge . 
The ion is positive if it has a deficiency of electrons and is nega- 
tive if it has an excess of electrons: For example, when H^SCH 

- (sulfuric acid) is dissolved in water, some of the particles break 
down and form H + (hydrogen ions) (each of which has a single 
positive charge) and S04" (each of which has two negative charges).. 
-figure 3A shows how some of these ions are distributed throughout . 
the solution. The entrre solution is electrically neutral, i.e., it 
contains equal numbers of these positive and negative charges. 

(2) Other electrolytes break down'as follows: 
(a) CuS04 (copper sulfate). Upon ionization this becomes: 

Cu ++ (copper ion) and 



\ 



SO^"~(sulfate ion). 

tjj) NH^Cl (ammonium chloride). Upon ionization, this 
becomes: 

NH4 + (ammonium ion) a^d „ N ^ x ^*» 

\ CI (chloride ion). * 4 

(3) » It hau befen shown that lonization occurs when sulfuric acid is 

place^d in water,, but that the solution has no external electrical 
effect\ because it contains equal numbers of positive and negative 
charges; i.e., the sulfuric acid solution does not^produce elec- 
tricity. 

(4) Whien a dilute sulfuric acid solution is placed in a glass container 
and a zinc electrode is immersed in the solution (fig. 3B); some 
of the zinc dissolves a'nd produces positively charged^zinc ions, 

, each zinc ion so produced leaves two electrons on the zinc electrode. 
The zinc ions are designated as Zn , indicating two^ositive charges, 
while the electrons on the electrode are designated asSnegative 
charges ( = ). The excess positive ions in the solution ^ause the 
solution to become positively changed * The excess electrons on 
the zinc electrode, on the other h^nd, cause the electrode. to become 
negatively charged. A difference of potential then exists between 
the zinc electrode and the solution of sulfuric acid. Also, rhe, 
positive'zinq;>^s'*are attracted by the Negative zinc electrocie, and 
they accumulate! around it. 
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When a copper electrode is immersed in the solution (fig, 3C) some 
of the^ positive H (hydrogen ions* leave the solution and go to the 
copper electrode. Each of these hydrogen ions, that reaches the 
copper electrode combines with an electron in a copper atom to 
form hydrogen gas. The loss of electrons from the copper causes 
the copper electrode to become positively charged with respect to 
the solution. The hydrogen gas is designated as H° and the positive 
charges on the copper are designated by plus signs (+). 

Because the zinc electrode is negative with respect to the solution, 
and the copper electrode is positive with respect to the solution, 
it follows that the zinc electrode is negative with respect to the 
copper electrode. Actually, the potential difference between the 
electrodes is approximately l.08*volts d.c. for this particular 
type of cell. 

If these two electrodes are connected.-by 'aAonductor , electrons will 
flow through the conductor, from the negative zinc electrode to the 
positive copper electrode. When the electrons leave the zinc 
electrode more zinc turns into zinc ions, thus replenishing the 
electrons on the zinc electrode. The newly formed positive zinc 
ions also repel the positively charged hydrogen ions and cause some 
of them to be, deposited on the copper electrode. Here they com- 
bine with the electrons arriving from the zinc electrode through 
the conductor* and turn into hydrogen gas. In this manner the charge 
on each electrode is kept almost constant and their potential dif- 
ference 'remains practically the same. 

* CLASS CONTAINS* . 
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Figure 3. Chemical action of the voltaic cell. 
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(8) When the zinc ions enter the solution they attract and combine with 
- the sulfate ions to form zinc sulfate which'remains dissolved in the 

solution. If the electrode* remain connected by a conductor, cur- 
rent will flow in the conductor until all the zinc turns into ions ^ 
(dissolves in the solution of sulfuric acid) at whichtime current 
flow will cease. 

(9) It is not expected tbat a Btudtfht will long remember the details of 
• the chemical act*6n fti the voltaic cell.' However, it is expected 

that a student will remember that chemical reactions can be used 
to furnish a source of electricity or e,mJ. 

5. MAGNETISM, ■ ' 
. * a. General , The ancient Greeks -knew that certain stores, fo W d in the 

town of Magnesia in Asia Minor, ljad the property of attracting bits' of iron. .Quite 
appropriately, they called these stones magnetite. Legend tells of a shepherd who 
thrust his iron staff into a hole containing magnetite and found to.his dismay that he 
was unable to remove it. Another story dating back 2300 years-relates how Ptolemy 
PhiladeWfto* had the entire dom# of a temple at Alexandria maae of magnetite in 
order tha^he might suspend a statue in mid-air. The experiment was, a failure. £>- 
day, it is known that rr&gne,tite is an iron one possessing^magnetic qualities. In other 
words, magnetite is an unrefined product of^iatu re and is a natural magnet. * 

(i) The two fundamental— and invisible— forces' which are responsible 
jfe- y . frrr the ~>™*"° of electronics are electric fof ce and magnetic 

* . force. These are the forces which make possible the operation of 

~" - TtfecTric motors, generators, lights, doorbells, measuring instru- 

ments, and other electrical* apparatus; they are, the forces which- • ^ 
| comprise those^invisible electromagnetic waves which travel through 

space at thV speed of ligf* to give us radio/ television, . radar , and 
the 'other electronic communication systems* 

• (2) # This section of the lesson presents many* of the effects associated 
frith magnetic force . It is magnetic f<*r« that attracts small bits 
, of iron and steel to the end of the ordinary .horseshoe, magnet. It * 
is magnetic force which swings a compass needle 'toward the north. 
Although most of the devices which utilize magnetic force can be 
classified a* "modern, '".the more fundamental aspects of magnetic 
• ^ force— those dealing with magnetism— are as ancient as History m 
itself, „ * 
b Magnetic compass . The .oriental* learned that if a piece of magnetite 
were mounted Q r suspended in a horizontal plane and allowed to rotate, it would turn 
•so that one particular end* always pointed toward the north. The Europeans later 
learned of this discovery and used It as a 'magnetic compass to aid in navigation. 
Because of this property', the piece of magnetite came to be known as a leading stone 
" o r lodestone . 

c. Artificial magnets . Although pieces of magnetite are natural magnets 
when take"n from the earth, they now have only historic value. Better magnets are 
made in a wide variety of sizes and shapes and are used extensively in electrical 
apparatus -The bar magnet, Jiorseshoe 'magnet, and compass needle are common 
types of artificial magnets. % 
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( 1) It has been found that pieces of iron and steel became magnetized 
when they are brought in contact with, or close to, a strong magnet. 
This process is called inducing magnetism. Magnets (either small ' 
or large) made from 40 ft iron are called temporary magnets. Any 
magnet which loses its magnetism rapiflly is called a temporary 
magnet . % 

(2) Any magnet whicly retainers magnetism over a long period of time 
is called a permanent magfhet . The amount of magnetism retained 
by a material after the- magnetizing force has been removed is 
called residual magnetism .. Steel magnets usually ace permanent y 
magnets. * 

(3) Another method of making an artificial magnet by induction is by 
stroking an iron or steel bar with a strong magnet. When this 
method is used, it is important that all strokes be made ,in the 
same direction. » 

}4) The best method of making artificial magfiets is by electrical means 
and is explained later! * 

d. Magnetic and nonmagnetic substances . The invisible magnetic force 
which exists in the space surrounding a magnet is capable* of attracting pieces of iron 
and steel. For this reason, iron and stee I are called magnetic substances . 

t -» , * 

(1) There are other magnetic substances which are attracted by a mag- 
net but not so strongly as iron and steel. The more* common of thes 
substances are cobalt, nickel, and* manganese. However, it is ' 

j interesting to note that some of the best permanent magne.ts are 

made from alloys of these substances. Jhe ability of a material to 
retain its magnetism is called retentivity . Sinsce, steel retains' its* 
magnetism longer than soft iron, steel has greater retentivity than 
soft iron. It follows that a material with good re'tentivity will have, 
a large amount of residual magnetism and will make a ftood perma- 
nent magnet. .- 

(2) Most other substances are not attracted by a magnet and are said 
to be nonmagnetic. Examples' of these nonmagnetic substances - 
are air, wood, paper, glass, copper S aluminum, lead, tin, and 
silver. 3 * 

(3) Magnetic force acts through any nonmagnetic substance / as can be 
demonstrated by moving a permanent magnet beneath a piece* ^of 
paper or glass on which is sprinkled iron filings. As the magnet 

* moves, movement of the., filings can be observed.* \ m 

(4) Magnetic force is mutual to both a magnet and a magnetic substance 
For example, a magnet can be attracted to a firmly hel£ piece of 
iron or steel just as strongly as the iron or steel is attracted to . 
the magnet. ^ " 

e. Magnetic poles * .When iron 'filings are sprinkled over the entire-area* 
of a magnet, it can be noticed that tho.se filings which fall near the ends ofthe mag- 
net will be attracted. to form bunches* of tufts; scarcely any* filings which fall near the 
center of the magnet will be so attracted. Thus,, it can be seen that the bar magnet 
has two distinct regions, or polcaP , each pole indicating the area or regionswhece the 
magnetic force is greatest. The same is true of a horseshoe magnet which isj : in 
effect, a bar magnet bent so that the pote* ar* close r, together. 
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Ji). When'a bar magnet is suspended so that it is free 4 to swing in a 
* horizontal plane, it is found that the magnet will swing around and 
then come to rest with one end of the magnet pointing nearly due 
north. Also, it can be found that regardless of the number «of times 
this experiment is repeated, the same end of the magne't always 
' comes to rest pointing north. Thus, ft can be seen that there is 
a difference in the direction of the magnetic forces which act at 
the two # poles of the magnet. Long-ago, when this fact Was first • 
established, it was decided arbitrarily to call the north-seeking 
pole of the magnet the north pole. Likewise, the south-seeking 
pole of the magnet was called the south pole. Thesja designations 
for the poles of a magnet are still used. . In fact, permanent mag- 
nets frequently are marked "N" at the north pole and "S" at the 
south pole. . 

(2) When a bar magnet is broken into two parts, and the pieces brought 
into contact with iron filings, it t will be found that the filmgs will 
bunch at both ends on each of the pieces,- thus proving that each 
piece has two poles. It* can also be found that one of the poles is 
a north pole and the other is a south pole . The piece which con - 
tains the north end of the original magnet will have a south pole at 
the break; and the piece containing the south pole of the original 
magnet will have a north, pole at the Break. .Regardless of the 
* number of times a magnet is broken, each piece will have its own 
north and south pole. 

f . garth as a magnet . The fact that a suspended magnet, anywhere upon 
the surface of the earth, always points toward the north indicates that the earth it- 
self is a huge natural magnet^fig. 4). Note*that t the poles of the magnet are far be- 
low the surface of the earth, and that the magnet is somewhat inclined from the north 
and south geographic poles. Since the pole of any compass points to the north, that 
magnetic pole of the earth which i& near the north geographic pole must be of south 
magnetic polarity, and the magnetic pole near the south geographic pole must have 
north polarity. The north geographic pole is referred to as true north , and the south 
geograpnfe pole as true south . The deviation from the true north, which at some 
places is very large, is called the magnetic declination of the station. Remember 
that magnetic north is merely the direction in which the north end of a compass needle 
'points. ' ^ 

, jj. ^Molecujiar theory of ma^nltism . A common and one of the simple 
theories of magnetism is that a piece of irqn or steel consists of millions of tiny 
elementary rtegnets. These tiny magnets, which are so small that they cannot be 
seen with a microscope, may consist of atom9 or molecules so alined as to form 0 
iron or steel Crystals. Before a piece of iron or steel has been magnetized, these 
tiny magnets may be thought of as being jumbled at random with no definite order 
(fig. 5A)\ If the north 'pole of an inducing magnet is drawn over the bar, it attracts 
the south poles of the tiny magnets and turns them so that they will aline themselves 
in a given direction (fig. 5B). This definite alinement of molecular magnets 'will 
give the bar a north pole at one end and a south polecat the other end. 

^h* Attraction and repulsion oft magnetic poles . .If a bar magnet is suspended 
so that it is free to swing about in a horizontal plane, the magnet normally comes to 
rest with its north pole pointing toward north- However, if the north pole of a second 
magnet is brought toward the north pole of the suspended magnet the latter magnet 
will be pushed away. «*The same results will be obtained if the south pole of the second 
magnet is brought toward the south pole of the suspended magnet. Thus, it can be 
seen that the magnetic forces existing in the^pace surrounding like magnetic poles 
cause mutual repulsion of the poles. 
■* • '* 
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figure 4. Earth as a magnet. 
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(1) Another demonst ration of'th^j^pu'lsion of like magnetic poles is 
* shown by tKelotlowing experiment", Ttfo strong permanent mag- 
nets are placed on a table top in a parallel position, so that the 

' north pole of one magnet is directly opposite the north pole of the 
ot^er magnet. The south poles of the magnet* are also opposite 
each other. As one bar magnet is pushed steadily toward the second 

^magnet, invisible magnetic force pushes, or repels, the second 
magnet. Thus, both magnets move across the table top. 

(2) If a bar magnet is again suspended so that ft is free to swing about 
in a horizontal plane, it will be observed %at when the north pole 

of a second magnet is brought toward the south pole of the suspended 
magnet, the two poles will' be pulled together and will cling to each 
other until they are separated by manual forces If the south pole 
of the second magnet is brought close to the north poke of the sus- 
pended magnet, it will be observed that these two poles will also 
be pulled together, and manua.l force is required to separate the 
poles. Thus, it'canbe seen that the magnetic forces about the un- 
like poles of two magnets will cause the two magnets to be attracted. 

(3) The above facts are, used as a basis for the fundamental law of 
magnetic forces which is: LIKE MAGNETIC POLES REPEL EACH 
OTHER; UNLIKE MAGNETIC POLES ATTRACT EACH OTHER. Or, 
THE FORCE BETWEEN TWO LlKE POLES IS ONE OF MUTUAL 
REPULSION; THE FORCE BEZWEEN.TWO UNLIKE POLES IS ONE 
OF MUTUAL ATTRACTION. 

i. Factors affecting magnetic force . The amount of magnetic force existing 
in the space surrounding a magnet can be estimated roughly by -measuring its lifting 
power. However, there are various conditions, other than the magnet itself; which 
Will cause th,e lifting power to vary. Some of these conditions are; the kindyof mag- 
netic material to be lifted, tfce shape of the material to be lifted, the manner in whicK 
the material is applied to the magnet, and the shape of the magnet, A more accurate 
method for measuring the strength of a magnet, <and the method most commonly used, 
is by measuring the force of attraction or repulsion that the magnet has on another 
magnet of known strength. That is, the effects, that magnets have upon one another 
fl» the measure of their strength. 

(1) The force of attraction or repulsion between them. When the poles 
, are separated by a considerable distance, no visible effects are 

apparent. It is only after the like poles are^brought close to each 
other that the suspended pole is repelled; Likewise, it is only after 
the two unlike poles are" brought close together that the suspended 
pole is attracted. Thus, it can be seen that the magnetic force of 
attraction or repulsion between two magnetic $oles increases very 
rapidly as the distance between the two poles is decreased. With 
suitable measuring equipment, it can be shown that this force varies 
inversely with the distance squared. This*expression simply means 
that if the distance between the two poles is halved, the force be- 
comes four times as great; if the distance is reduced to one-third, 
° the force becomes nine times as great; if the distance is reduced 

to one-fourth, the force becomes sixteen times a's great; if the 
distance is. reduced to one-fifth, the force becomes twenty-five 
. times as great, and so on,. This expression holds true whenever 

the two magnetic poles are separated in a vacuum, 

• 

(2) The force of attraction and repulsion between two magnets\also 
varies with the amount of force that the individual pole* of the 
magnets are capable of exerting. In other words, the force of < 

* ' 
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attraction and repulsion- varies with the strength of the poles. The' 
strength of a pole, in turn, varies with its size, the material from 
which it is made, and its degree of magnetization. 

j_. Magnetic field . . It has been shown previously that a magnetic force 
exists in the space surrounding a magnet and that this force is capable of acting on 
other magnets or magnetic substances. The space which surrounds a magnet ls 
called the external ma gnetic field . (The complete field consists of the external field 
plus the field through the substance of the magnet.) Thus, a magnetic field ma y be 
defined as a region wherein magnetic forces a ct. ~~ * 

(1) Certain facts concerning the nature of the magnetic field about a 
^ magnet can be obtained by exploring such a field with an ordinary 

compass. (The needle ojf any compass is a small permanent 

magnet.) 

(a) When a compass is placed near the south pole" of a bar magnet, 
the compass needle will swing about and come 'to rest with the' 
north pole of the needle as close as possible to the south pole 
of the bar magnet. In this position, th'e south pole of the 
compass needle is as far away as possible from the south pole 
of the bar magnet (fig. 6A) . This action is easily explained 

by the first law of magnetic forces which states that like mag. . 
netic poles repel each other.and urilike magnetic poles attract 
each other. 

(b) 'When the compass is placed at the other, or north pole, end Of 

the bar magnet, the 'needle swings and then comes to rtsst with 
the south pole of the needle as close as possible" to the rforth 
pole of the bar magnet (fig. 6B) . 

(c) When the compass is»placed near th.e center of the bar magnet, 
the force existing in the magnetic field causes the needle to 
corne to rest in the position shown in figure «6C. 

(d) ^ In figure 6D, a number of compasses have been placed at 

various positions in the magnetic field of a bar magnet. Note 
that the compass* will point in different* directions as its posi- 
tion in the magnetic field is changed. 

Thus, by exploring the magnetic field about a bar magnet, it is 
found that one important characteristic of a magnetic field is 
tl\at,it has direction which varies from point to point. 



(e) 



(£) Another important characteristic of the magnetic field about a 
bar magnet is that the intensity of the field decreases very 
rapidly with distance from the poles? - For example, when the 
exploring compass isfplaced a few *feet away from the bar mag- 
net, ihe compass needle is not visually affected by the presence 
of the magnetic field. Only when the compass is brought to 
within a certain distance of the bar magnet* will the magnetic 
forces in the field be ^sufficiently strong to cause' the compass 
needle to swing. \ 

{&)• From the above experiments with an exploring compass, it is 

found that the magnetic field about a >ar magnet is characterized 
by a force which varies in direction and intensity from point to 
» point in the field. * 
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Figure 6 
(2) 



Effects of magnetic fie Ld on compass ne-edle 



A representation of the magnetic field about a bar magnet can be 
obtained by means of an experiment using iron filings. 



(a) 



(b) 



(c) 



This experiment can be performed by placing a piece of paper 
over a. table top and sprinkling some iron filings over a large 
area of the paper (fig. 7A). • 

A bar magnet is then dropped into the center of the area con- 
taining the filings (fig. 7B). As the magnet reaches the table, 
\t will be noted that many of the filings near the poles of the , 
magnet are attracted to the magnet, and slight movement of 
most of the otheV filings takes place. In short r the filings , 
rearrange themselves because of the magnetic field about the 
magnet. 

If the table is gently tapped, the* filings completely rearrange 
themselves and the pattern about the magnet then appears 
similar to thai shown in figure 7C. Regardless of the number 
of times that this experiment is repeated, the filings will always 
arrange themselves in approximately the same'patterri as that 
shown. 
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(d) The explanation of why this pattern always forms is quite 
simple. Pieces of iron or steel become magnetized by induc- 
tion when they are brought in^contact with, or close ip, a mag- 
net, Thus, each of the tiny iron filings about the bar magnet 
becomes a small magnet with a north and south pole of its own. 
Each of these filings (or magnets) is affected by the direction 

^ and intensity of the magnetic field about the bar magnet, and 

alines itself in the same manner as a^compass needle, in re- 
sponse to the magnetic-field. 

(e) Observe that the force of the magnetic field is greatest near 
the poles ;«many of- the filings are attracted and adhere to the 

Z^ - ^ , , magnet showing distinct alinement. As the distance* frojcn the 

poles increases, the field becomes less intense, and the action 
of the force on the iron filings is less apparent. At the'-ecVgeV 
, . of the pattern, at^ shown in figure 7C, the effect on the filings-- 0 
is hardiy discernible . c 

(f) This iron filings experiment has long been used to represent \ 
the nature of the magnetic field about a* magnet, and it'gives 

i # a conception of the direction and intensity of the magnetic '« 

forces which act, in the field. However/ it should b*e remem- * 
bered that the pattern formed in this experiment is not the 
magnetic field- itself , the magnetic field is 7 invisible, but only 
. . a representation of the manner in which the magnetic forces 

' '» of the .ield act on magnetic substances within the field. * * 

k. Lines of force. Frequently, it is desired to represent by a drawing ^ 
the direction and intensity of the magnetic field about a magnet. This can be done 
by drawing a picture of the pattern obtained when iron filings are placed about the « 
magi\et and, in the case of a bar. magnet, such a drawing would be similar to that * 
•hown in figure. 7C. 'However, this .method is difficult and time-consuming. A 
simpler and more commonly used method is that of arbitrarily representing the forces 
in a magnetic field by drawing a few lines called lines offeree . . fc • 

(1) Figure 7E shows lines of force as they are usually drawn to^repre- 
sent the magnetic Jf ield about a bar magnet. By studying these lines 
of forced it can be seen that their overall pattern is similar to the 
~ „ , overall pattern formed by the iron filings about the magnet. 

^ (2) Note* that arrowheads have been placed on each of the lines of force 
I shown in figure 7E. "Also note that the direction of each arrowhead 

is away from the north pole and toward tb^ south pole of the magnet. 
In other words, the arrowheads indicate that lines of force leave khe 
magnet at the north pole and enter the 'magnet at the south pole. 
Within the magnet, the direction of the force is assumed to be from 
the south pole to the ncjrth pole, so tnat a continuous loop is formed 
by each line of force. The direction of these lines was defined 
arbitrarily long ago as the direction in which the north pole of a ^ 
compass needle will point if placed at any point along a line of force. 

(3) Actually, the magnetic field completely fills the space about a "^mag- 
net and does not exist only in a single plane, such ad along a table 
top. This field can be shown to extend out to great distances and, 
theoretically at least, throughout all space, with the intensity of the 
a field decreasing very rapidly as the distance is increased. Figure 
8 shows how the field of force extends in all directions about the bar 
magnet. The end views, show the line of force leaving the north pole 
and entering the south pole. 
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Figure 8. Field of force about a bar jjiagnet.' 



(4) 



Lines offeree are also used as an indication of the strength or 
intensity of the magnetic field. We said that magnetic force (field 
strength) varies inversely with the sqiiare of the distance. This 
law i«cnot strictly true in practice since it is based on the assump- 
tion that the lines of force from* a pole face emanate from' a point 
somewhere within th^ magnet! Actually, the lines offeree do not 
converge to a single pointVitHin the magnet. Figure 9 shows a 
t magnet face old square centimeter area. It is obvious that there 
are-more lines offeree passing through the square centimeter 
area £3CD than pass through the same size area EFGH which 
i is located the same distance from the pole face.. This means that 
the field intensity is greater in area A BCD than in EFGH as indi- 
> fcated by the greater number of lines passing through ABCD. The 
farther away from the pole one goes, the less the field intensity 
^ „ will be.* When the lines emanate from a point, the number of lines 
^ ^ , through a given area wilt vary inversely with the square of ;the 

distance that the area is from the point— not £rom the pole face. 
With a long magnet t^g field intensity will be nearly as shown in 
: 9 ■ * ' figure 9, and the lawy^he inverse as the* square of the distance, 

wiU be almost true. But if the magnet* is short and thick, the field 
0 «. be more * uniform for quite a distance from the pole and the 

• * d distance-squareMaw will be less Accurate. « 

!• Characteristics of magnetic fields . Thus far, only the pattern of the 
magnetic field associated with a single, bar magnet has-been considered; Actually, 
this pattern of the magnetic field is only one of an. unlimited number of possible 
patterns that can be produced by using one or more magnets. ° 

(1) If the area surrounding the north pole of one bar magnet and the 

south pole of a second bar magnet is sprinkled with iron filings, the, 
* . pattern in figure fC\A will be obtained. Note' the similarity between 

thjs pattern and the pajttern of filings about a single bar magnet. 
*. .Figure JOB shows the distortion of this magnetic field which occurs 

when a third magnetic pole is brought into the region. Note that 
the intensity of the magnetic field is greatest" near the poles of the 
> magnets and that in the sma-lkarea midway between the two like 
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poles the filings appear to lie as if unmagnetized. This' is actually 
the case, because midway between the two like poles the magnetic 
force proHuced by one pole is equal to, and in opposition with, the 
magnetic force produced by the other pole. 




k" 

i 



! 

1 

■ t 



Figure 9. End of a magnet showing how field intensity varies with distance froirVpole. 

i 



V 





•>? 

K Irtxi Ohno faitrni itwit lunik* m.rf>»"* P"**" 

D. IiWiwtW»*-msrt by in««iii»i« *4 iihiM ni tttv\ie t«H 

Figure 10. Lines of force. t 
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(2) Figure 11A further illustrates the manner in which magnetic forces 
act to produce a magnetic field. In this case, the magnetic fie" Id 
contains forces of repulsion. Again note that the magnetic 'force 
is strongest near the poles and decreases ve'ry rapidly a,s tne dis- 
tance from the poles is increased, while at a point midway "between 
tfiese like poles there is a magnetic field of z.ero intensity. 4 

(3> Figure 1 IB shows the distortion^ the fielci which occurs when a 
* third pole is brought ir>to the* region. Again, it can be observed 
how the magnetic field is more intense between unlike poles and 
Less intense between, like poles. Close scrutiny of the figure wiil 
reveal another small area where the, magnetic forces act in opposi- 
tion to produce a resultant force* of low or zero intensity, 




Figure 11. Lines of fore e\ 



(4) Figure 12 shows the lines of force associated with- a horseshoe ' 
magnet. The pattern formed by these lines of force is different * 
from the physical position of the poles witforespect to the magnet 
and to each other; Although these lines of Force have a different ' 
pattern, or configuration, the characteristics of the magnetic) fie Id 
remain, the same; i.e. , the magnetic field strength at a point to 
point in the field, * 



OS 98, 2-P19 



¥3 




"Figure 12. Lines offeree associated with a* horseshoe magnet. 



m. Electromagnets « If a piece of magnetic material, usually soft iron, is 
placed within a coil through which current is flawing the magnetic properties of the 
coil are tremendously increased. The reason for this increase in magnetic strength 
is because softVon is more permeable than air,^and therefore provides a better path 
for the lines of force (flux) t}ian air* The inside of any coil is considered as the co/r>e 
whether it be air or .of some magnetic material. If a coil is wound on a core of mag- 
netic material, it is called an electromagnet (fig. 13). The coil may be wound 
with one or more layers of wire from one end to* the other and back, providing, of 
course, tfcat the current flows around the core continuously in the same direction. 
Any magnetic material.may be used as the core for an electromagnet. However, 
soft iron or soft steel generally is used because the retentivity of those materials 
is so low that the.y have the characteristic of retaining very little residual magnetism 
when the curren^stops flowing. This is a very important feature in electrical equip- 
ment such as relays. On the other' hand, a piece of hard steel when inserted into a 
coil in which current is flowing becomes a permanent, magnet. That is, due to its 
retentivity , it will retain a large amount of residual magnetism when the current 
ceases to flow. Electromagnets are widely used in electrical equipment, including 
relays, motors, generators, radios, and transformers. The U-type electromagnet* 
(fig. 13B) are used in telephone receivers, coin operated machines, and many other 
similar, applications. • s 
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EXERCISE 

< 

26. If a compass were placed in the center of a bar magnet in what position would the 
needle rest? 



27. What is the symbol fbr voltage? 

a. E, 

b. I 

c. P ' 

28. What happens to the resistance of a conductor if its cross section in square centimeters 
i» doubled? 

t 

a. Increases twice 

b. Reduces by half 

c; No effect W 



29. What causes current to flow? 




a. Low resistance of a material 

b. A path for current 

c. Presence of an e.m. f. in a circuit 

30. The direction of magnetic lines of force is generally considered to be 

a. from the south pole to the north pole. 

b. perpendicular with a line between poles, 
from the north pole to the south pole. 

31. When the coil of a d.c. electromagnet is wound with more than one layer of wire, it is 
necessary for the current in all layers to flow 

a. (Counter clockwise from positive to negative. 

b. . in opposite directions. 

c. in the same direction. 

32. What are the units of measurement for current^ 



Amperes 

Volts 

Ohms 
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A magnet that has great retentivity is usually a 

a>velectromagnet. ■ * . . ~* w . 

b. permanent magnet. * T 

c. temporary magnet. * 

34. Which is the correct way to connect a voltmeter to 'measure the lo$d voltage?' '* 



a. — - Load 




b# - Load 

"7== =/v 

L'oad 



35. The nortl^end of a compass needle points toward magnetic north because 

a. the north pole is the most magnetic. 

b. unlike poles- repel each other. 

c. magnetic north has south- magnetic polarity. 

36. The fiattery used in a common flashlight is 



a. dry cell. 

b. secondary cell. 

c. storage battery. 

37. What is resistance? 



a. A materials total opposition to current flow 

b. A property arising only from the finding energy of atoms 

c. A flow of charge through a given path 

38. What is the unit of measure used for electromotive force? 
a. Ampere 

,b. Volt * ^ 

c. «Watt 

39. A relay electromagnet usually has a core made of 

.* ~ - 

a.' copper. 
. b. soft iron, 
c. steel. 

40. Copper probably is the most common electrical conductor used today.. Whisk of the 
following is NOT a reason for its wide use? / * 

a. Tensile strength * 

b. Low cost 

c. Light weight 
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41. What is necessary to make a material a good conductor? 



\ a, MShy free electrons " I 

^ 9- . b. Many electrons 

• c. Few free electrons 

# 

42, Which would NOT be used to define an ion? 



< a. Atomic dimensions " 

b. Neutral electric charge J 

c. Positive electric charge # ^ 

43, What metal has the highest conductivity? 

a. -Aluminum 

b. Copper * 
, ~c. Silver 

44, Which characteristic of current is the basis for generation of electricity by a c£r 
.generator? 

* * 
a. Chemical action 
.b* Magnetism 

c. Production of heat 



45. Current will flow through the 



a. path of least resistance. 

b. . path of maximum resistance; 

c. shortest available path. 

* 

'46. A primary. cell is one that 

t 

a. can be recharged, f 

b. cannot be recharged. 

c. uses a liquid electrolyte. 

47. What underlies the operation of all batteries/ 

a. Interaction of electrodes and a solution of an electrolyte 
* The potential difference between two points in a conductor 

c. The resistivity of certain conductors /J 

48. A magnetite magnet is 

t ♦ 

a. ran artificial magnet. ***** 

b. a bar magnet. ^ ^ 
c*, a natural magnet. ~ 

' J ' < : \ ' • 

y*9. What happens if a ia ( ^ge steel bar magnet is broken in half? 

One piece becomes a ^jorth pole and one becomes a south pole 
b. One piece remains a magnet and 4 the other loses its magnetism 
x c* Both pieces become small bar magnets f 
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SO. Magnet* made from soft iron are called 

a, temporary magnets, 

b. permanent magnets. 

--C? — natural magnets* — — — — . — 1 
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Lesson Objective After studying this lesson you will be able to: 

1. Describe Ohm's law and its use to 
v analyze a d.c. circuit. 

2. Describe the difference between a series* 
and a parallel circuit. 

T ex * Attached Memorandum 

Materials Required . None r 

Suggestions None 

STUDY GUIDE. AND ATTACHED MEMORANDUM 

1. INTRODUCTION. 

a. The first two lessonsof this subcourse made several references to the fac^ 
that the use of electricity is a means to an end; electricity is a very useful tool in perfor 
ing ma'ny difficult tasks. 

b. Now we are about to take a long stride in the direction of understanding *eiec- 
trical apparatus, for this lesson will make use of the fundamentals studied earlier, as we 

delve into the laws of d*rect current "circuits. 

a*? \ 

c. This lesson will introduce you to the laws and equations which can be used to 
analyze d. c. circuits. * * 

2. CIRCUIT COMPONENTS. > * 

sl. It isn't hard to see that if electrons are to move between points of different 
potentials some sort of a path must be provided. The best path commonly found is a length 
of some material which is a good conductor. An electrical. circuit consists of a closed path 
through which current could flow if a potential difference were supplied. 

b. Electrical circuits are diagramed schematically by means of standard symbols, 
some^of which are .given below. Others will be introduced in subsequent lessons. 

\ - ^ - . : 
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(1) Sources of potential (and current), 
(a) Batteries: 



One Cell 



Multi-cell 



.The longer of the two vertical lines in a battery symbol 
indicates the positive terminal. 

(b) Generators: 




(2) Resistors: 



The Greek letter.ru (omega) represents ohms 
(3) Capacitors: ' . * 



\ 



-)[— 



(4) Inductors: * 



(5) Switches: 



open ^ ^ 0 closed 



£. There are three fundamental quantities of immediate interest irfany 
d.c. circuit: the applied potential (E), the current flowing in the circuit (I), and 
the resistance of the circuit (R). A fourth important parameter arises from th&se 
three; i, e, , the power dissipated in the circuit (P). % 

3- . CIKCUIT FUNDAMENTALS/ » 

a. The parameters of d.c. circuits are as obedient to the law of 
conservation of energy as are all other natural phenomena. The formulation of this 
law as it applies to d,c. circuits was perfdrmed by Ohm, hence, the relationship 
E » IR bea&s his name. Verbally stated* Ohm's law is: in any direct current circuit 
the current is directly proportional to the ajrnount of vojtage, and inversely propor- 
tional to the amount of resistance. If any two. of the quantities E, I, and R pertaining 
to a given circuit are known? the third. can be found by simple algebraic rearrange* 
ment of the fundamental equation. Thus: 

(1) E = IR, or volta^g equals current times*resi stance. 

I » E/R, or y/£rerS equals voltage divided by resistance. 



(2) 

(3) R = E/I, or resistance equals voltage divided by current. 
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b. A resistance circuit does not require time to respond to a change in 
voltage or current, but responds immediately and without distortion. Consequently*, 
a resistive circuit is said to have an ideal transient response. This will be an . 
important point in the development of future lessons. 

c. - Direct current circuits may be arranged in any of several ways. They 
may be either_series circuits^ parallel circuits, or a combination of both. Such 
combinations are usually called series -par all el circuits. The nomenclature of the 
circuit is based upon the type of path offered to the current by the circuit. 

4, CIRCUIT ANALYSIS. 

a. A series circuit offers only one path for current flow; i*e., all the 
current flowing in the circuit passes through every item in the circuit" successively 
as it moves from negative to positive potential. The schematic diagram (fig. 1) is 
a series circuit because there is only one way the current can get from the negative 
electrode to Jhe positive electrode, and that is to pass through each of the resistances 
in turn. - * 



LAA/VAWA/W 



Figure 1. Resistance in series. 



b. A charged battery is a source of electrical potential energy. If. we 
connect a"~eonductor between the electrodes of the battery (short circuit the battery) 
the potential is lost almost immediately because there is very little to impede the 
discharge of the battery, However, if we insert resistance into the line between the 
electrodes the situation changes. It takes energy to force current through ttfe 
resistance,' so the resistor will cause a loss of energy external to the battery— in 
'effect, a potential drop across the resistor. This potential can be found by Ohm's^ 
law. In a series circuit the following are always true: 



(1) 



(2) 



(3) 



The total resistance equals the sum o£ all the resistances in the 



circuit (R^ = 



R i + 



R 2 + 



R 3 + 



The sum of the voltage' drops across the individual resistances in 
the circuit is equal to the applied voltage 
(E t =E 1 + 



E 2 + 



E 3 + 



The current is the same everywhere in the circuit 
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(4) Interruption of the circuit at any point will cause current flow to^- 
7Cea*^4hxou^hjQUt^.e_entire circuit. 

c. Here is a problem that you are prqbably familiar with. A set of 
Christmas tree lamps is wired one lamp after the other (fig. 2A). You know that when 
one lamp in the set fails the complete spring goes out. Usually, you have to get a 
new lamp and try it in each socket(in turn Until the set lights again. This kind of a 
light set is called, quite naturally/ a series hookup. You can see that each of the five 
larnp filaments is a resistance. m Does this make it any harder to find the total 
resistance so that you can work out Ohm's law? No harder at all. If you have a 
number, of resistors all connected together i* a line, like five trailers being towed 
one behind the other, you can easily get the total resistance by adding them together. 
It's like coupling five trailers, each weighing five .too*, and attaching them to a 
tractor. The total weight to be towed, of course, is twenty-five tons. It's the same 
with a number of resistances all strung out in the same line so that the current has 
only one path to flow. To get the total resistance, we add all the individual resistances 
together. 




Figure 2. Picture and Schematic diagram of Christmas tree lamps. 

(I) Assume that you have the Christmas series lamp string of figure 
2 and that when you plug it into the electric wall socket you 
measure a current of . 15 ampere. Y ou can eas ily find the ' 
resistance" of the five lamps - . Remember, the ,^5~arntoere that 
goes into pne lamp, goes into every other lamp. You/know that 
the voltage furnished from the socket in the wall is lip to 120 
volts. Let's take the higher voltage. (E) that you already know is 
120 volts. You also know that the current flow is . 15 ampere (I). 
So, by appiyitig Ohm's law, some simple division will give you the 
total resistance. (R = E/l) 



(a) L - 120 volts; I = . 15 amperes; R = ( ? )♦ 

(b) , 120 = . 15 x R or 

(c) R = 120/. 15 = 800 ohms. 

(2) The total resistance of ttte circuit is 800 ohms, but we still do 
not know what the resistance of each individual lamp is. If the 
resistances in the circuit are all equal the problem is greatly 
aflffl piificd ' . — l7rthTS-c»e^-i-s-f*i*ly safe to assume that the similar 
lamps have similar resistances. The resistance of each lamp 
then is Simply the total resistance divided by the total number of 
lamps: 

p 

(a) R = R /number of resistances. 

<:T n ' 

(b) R = 800/5 = 160 ohms. 
— n 



If the resistances are not all .equal the problem becomes sligfetly 
more complicated, and ybu must use a different method! to find the 
individual resistances. 

(3) Assume that you have a series circuit in which the current is 2 
amperes and the applied voltage is 120 volts. You have five 
resistors of different values in the circuit. You know that if there 
is current flowing through a resistor there must be a voltage 

f<( present. Of the total voltage of 120 vol£s, some' is used in pushing 
the current through one resistor, some is used in pushing the 
current through the second, and so on, until all the voltage is used. 
If you know how much of the voltage is consumed for each resistor, 
you can find the value of that resistor, 

(4) All you have to do is read the voltage across the resistor and 
divide it by the current — which you know is 2 amperes. In* other 
words, apply Ohm's law. But, how do you find out how much' voltage 
is used by each resistor? The easiest thing to do is measure it 
with a voltmeter. fc . 

(5) Assume for this problem that you have measured the voltage across 
each of the five re si stances in the cfrcuTt"we~a~re talking about, 

and you have gotten the readings shown in figure 3. Since <£he 

current in a series circuit is the same anywhere in the circuit, 

the current through each resistor is 2 amperes. You can find the 

4 value of R 1 by dividing 10 volts by 2 amperes and obtaining the . 

.resistance of 5 ohms (R 1 - 10/2 = 5 ohms). The other four 

^ resistances can be figured in a similar manner:- ® 

* & s v 

^ m (a) R2 = 20/2 = 10 ohms. 

(b) R3 = 20/2 = 10'ohms, 

V ' . (c) R4 = 30/2 = 15 ohms. . 

(d) R5 = 40/2 = 20 ohms. - 
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10 VOLTS 
MEASURED HERE 



20V0UTS 
MEASURED HERE 



VvV 



SOURCE 
f20 VOLTS 




20*V0LTS 
MEASURED 
HERE 



40 VOLTS 
^MEASURED HERE 



30 VOLTS 
MEASURED HERE 



2 AMPS t FLOWING 
IN ALL PARTS OFv 
THE SERIES CIRCUIT 



Figure 3. Series circuit showing individual voltages . 



f 



s total 



^6) The total result can be checked by adding the individual 

resistances together and checking them against the circuit 
resistance- ' 

* * (a) R t * Rl + R2 + R3 + R4 + R5. 

(b) R t = 5 + 10 + 10 + 15 + 20 = 60 ohms. t 

(c) R * E /I =* 120/2 = 60 ohms. 
— t t t 

d. The s.econd type* of mrect current circuit is the parallel circuit-r-^The 
parallel circuit is just the opposAte of the series circuit; it is any circuit that has 
more than one complete path for the flow of current. You can see in figure 4 that 
current-will flow from the negative terminal of the battery to A, through R ^ to D, 

and then to the positive battery terminal, just as if it were a common series circuit. 
But, the current can also flow from the negative terming to B, through R^ tq C, and 

to the positive battery terminal. Thus, you see, there are two possible paths for 
current to flow through. What actually happens is that the current flows from the 
negative battery terminal to A, "here it divides with part of it flowing through R j and 

part of it through R-, and two separate "currents then come together again at D and 

2 * 
flow on to the positive terminal as a single current. 

^ (1) Tne first rule of'a parallel circuit then makes sense when it states 
*" that the total current in a parallel circuit is equal to the sum of the 
currents in each branch. If a current of 2 amperes^ was flowing 
through R , and 4 amperes was flowing thrqughR 2 , the total current 

would then be 6 amperes (I t = 1 1 + I 2 * I 3 + v"° r f ^ r this 

particular case 1^ = 2 + 4 = 6 amperes. 
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Figure 4. ' Parallel circuits provide more than one path for current. 




(2) The second rule concerns the action of the applied voltage. The 
voltage, unlike the current, does not divide or take two paths. 

If you measure the voltage from A to D (across Rj), and then the 

voltage from B to C (across R^), they would be^ the same. These 

turn would be equal to the applied voltage 

w = E = E_ ). Ohm f s law still applies and 

Rl R2 R3 Rn' 

you Van easily find the total resistance in a circuit where there's 

more than'one resistorTequ^Tirr-tttte^ua^ can use E = IR to. 

find how much of the current flows' one way (through^ ^^nd how 

much current flows the other way (through R^). REMEMBER 

these two* rules that you have just studied about the characteristics 
of a parallel circuit. - 

(3) In parallel circuits we have generally the same problem as in series 
circuits; namely: how to find the total circuit resistance and the 
values of each of the individual resistances. However, to find the 
total resistance in a parallel circuit when the values of the individual 
resistances are known is a more involved process than in a series 



circuit. The total (effective) resistance of a parallel circuit is 



equal to the reciprocal of the sum of the reciprocals of the individual 
resistances. The reciprocal of a number is 1 divided by that 
number. Thus the reciprocals of Z t 5, and 8 are: 

(a) Reciprocal of 2 = 1/2 or .5. 

(b) .Reciprocal of 5 = 1/5 or 

(c) Reciprocal of 8 = 1/8 or 

The Reciprocal method for solving a parallelrxjrcuit expressed as 
a formula would look like this, R t ~ 




1/Rj + 



1/R 2 + 



1/R 3 +. 



1/R 



If we wire to use the reciprocal method to find the total resistance 
of the circuit in figure_5 the solution would be as_ follows: / - 

T71T 



(a) 



R = 
t 



+ 1/R. 



1/2 + 1/4 
1 



^ R t = 2/4 + 1/4 S 3/4 



4/3 = 1-1/3 ohms. 
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If you notice, the total (effective) resistance is always less than 
either ot the two individual resistances. This is a mathematical 
fact that will always be true in a parallel circuit and provides a 
very convenient method of checking your calculations. If the total 
resistance answer is greater jhan any of the individual resistances 
in a parallel circuit the answer is wrong. 



A, 



2 Sl 



R 2 ^>4-0. 



Figure 5., Parallel circuit problem. 

/ 

(4) There is an eapier way to find the resistance of a parallel circuit 
that has only two resistance* in parallel. To find the resistance 
of the circuit in figure 5 we will now use'the "product over the sum" 
method. This means that you'll' divide the product of the two resistors 
by the sum of the two resistors. Here's how it is done: 

* (a) 



R = 
t 



R '+ R n 




(b) 



R = 2 x 
t 



27T4 



4 = 8 = 4 
6 3 



1-1/3 ohms. 



REMEMBER this method As it is easier to use than the reciprocal 
method, fcis usually more convenient to consider only two 
resistances at a time when a circuit has many resistors, solving 

each 3et_Af^wj^^ th e 

circuit i£ reduced to one ! equivalent re sis_tance_(fig.- 6). - - — 
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Figure. 6. ^Circuit equivalent to circuit shown in figure 5, 

(5) Finding the equivalent resistance of a parallel circuit with a 
^number of equally valued resistors is very easy and quick, All 
that is necessary is to divide the value of one of the resistors by 
the number of resistors in the Circuit. To solve the circuit in 
figure 7 you would proceed like this: 

(a) R » R/Number of resistors in parallel. 

(b) R t = 20/4 n 5 ohms. 

f REMEMBER this formula only holds true where all of the resistors 

in parallel are of equal resistance. 

I! o 



rrl 



"«€ \% - V 



3lO A. 



/ Figure 7. Four equal parallel resistances. 

f :> 

tl The third and last type of'd.c. circuit is the series -parallel circuit. 
As the name implies the circuit is a combination of the two circuits you have just 
finished studying. Most circuits are of^the series -parallel type. To solve this type 
of circuit you must systematically isolate groups of parallel and series resistors 
and solve them for their respective equivalent resistances. This process is continued 
until there is only one equivalent resistance remaining. 
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5. POWER. 



a_. As was mentioned previously when we .insert resistors into a circuit it 
takes energy to force the current through the resistance. Since it takes energy to 
force the current through a resistance, that resistance must dissipate this energy 
in some manner. It does so by converting the energy into heat and it is important 
to know how much will be generated so that we can provide a large enough resistor 
to withstand it. Sufficient ventilation must also be provided. We must know how 
much energy'will be consumed by the entire circuit so that we can provide a large 
enough powe^spurce*. Both of these questions are answered by the same formula. 

b. The power used by a resistance is directly proportional to the current 
in ajuper es*and the voltage in volts, The product of these (current and voltage) gives 
the power in watts. 'By algebraic substitution we can use other combinations of 
current, voltage," and resistance to find the power. 

(1) P = EI. 

(2) P = I 2 R. " 

(3) -P = E 2 /R. . 

As long as the current is given in amperes (I), the voltage in volts (E), and the 
resistance (R) in ohms, the power (P) will be expressed in watts (W). 

c_. Let us assume that we ha.ve a simple circuit where E = 10 volts, 
1 = 5 amperes, and R = 2 ohms. We can find the power used in this circuit by any 
of the following three formulas. 

(1) P = EI a 10 x 5 = 50 watts. 
2 2 

12) P = I R = (5) x 2 = 25 x 2 s 30 watts. 

(.3) P = E 2 /R = (10) 2 /2 = 100/2 = 50 watts. ^ 

d. To find the total power in a circuit containing more than one resistor 
you merely add all the values of power calculated for the x individual resistprs. The 
total power may also be found by using any one of the three formulas that we just 
mentioned; however, the values used for E, I, and R must be the total voltage, 
current, 2nd resistance for the complete circuit. 

6. IDENTIFYING RESISTORS. — 

a. We must be able to tell the value of a resistor so that we can replace 
them when they become bad. Majiy resistors are too small to permit the printing 
of the value on the resistor itself; therefore, the JAN (Joint Army Navy) color code 
was developed. Each digit 0 to 9' was assigned a particular color and these colors 
are a r r an ged"Th ba nd s op th e__re sj^sto r s^ in a. siaiida^d-rrianner-,. to denote the resistor' 
ohmic value. Figure 8 illustrates f6ur methods of marking resistors; you will be . 
responsible only for the JAN color code. It would be advantageous to memorize the 
colors and the value they represent. Figure 8 also contains several band marking 
examples to assist you in learning the code. 

b. Resistors also vary in wdttage ratings because of the various power 
factor? involved (pa*. 5aJ and, if defective, must be replaced with one of like size 
or larger. A decrease in watts below the derived value (W = I^R) may cause the 
resistor to overheat with resultant damage or change m accuracy. 
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RESISTOR. COLOR CODE MARKING * I 
(Mfl-STD RESISTORS) 
AXIAL-L*AD* RESISTORS RAOIAli-LEAO RESISTORS 

(INSULATED) (UNINSULATED)' 




-tOkCAAACC 
-HUlTfffUCR 
-1CCON0 »jS*<'»CANT F»«t|«C 4 
-HAST t*«Ntf ICAMT F|«vA( 



JAN Color Code System 

ItC -COMPOSITION 




RU-WIRC-WOUNO 



■TOlC •«<*/, 
mulTifvCA 
SCCONO SIGNIFICANT 

HAJT SiONinCANT FI«U«C 
(OOMtLC WIOTm S«NIF«CS 
FtlfQ NlffC-ffOUNO 
fltSlSTOAl) 




NULTiFliC* 

<oor on •an©> 



RZ -COMPOSITION 



•If « 
SIGNIFICANT 




rz-cow position 



RESISTOR COLOR CODE 



• ANO A DM tOOT* 


• ANO • ON CNO* 


6 ANO C OA- DOT OR SAN0* 


• AHO 


3 OA CNO* 


COLOff 


FIRST 
SIGNIFICANT 
FlCV*t 


COLO* 


^ SCCONO 
SIGNIFICANT 
FI«Uff« 


COLO* 




COL OA 


KCSlSTANCC 
TOLCAAHCt 
IKACINTJ 


•CACA 


0 


•CAC« 


0 


• LACK 




• OOT , 


tao 


•HOffN 




• •OWN 




' MO*N 


K> 


SI LVf • 


1 to 


•CO 


t* 


•CO 


t 


•CO 


100 


•ocftj 


♦s 


OAA*G* 


1 


OAA*Ot 


9 


OAANOC 


1.000 






TfLLOW 


4 


TCLLO* 


4 


TCLi.0* 


•0.000 v , 






aactN 


• 


OfftCN 


s 


• MCN 


100,000 






• LUf 


* ** 


•* Utff 


s ^ • 


• LUC 


1 .000,000 






tviOlCT) 




AVffffVC 

(VtOLCTI 


7 






1 




• •AT 


• 


••AT 


• 


•oto 


oi s 






•NITf 


v • 


VNITC 


• 


SiLVC* 


0 01 


1 





•TON *IM-*OVNO'TT#t •CStSTOffS, SANO A SMA4.L K 0OU«LC-*I0Tn 
*m<N »O0T COLO* IS TMf SAH< AS TMf OOT (OA SANOI 0* CNO COLO*. j 
1*i COLO *t AAf Ol"CACNT»ATfO «T SMAOC, OLOSS, Off Ot«CA WCANS I 

ClAAtffi.CS ItANO MARKUPS). . C I AM • US' 1*00* MARKING) I 
IO0MMS StO ACACCNT ••OWN •ANO A, SlAC* I ANO % s *0 OHMS tJO *C*ClNT ••0»NftOOt. u UAC« t*0. SLACK OOT 

•LACK tANOC. «0 tANOO 0« »ANO, MOT COLO* 0" *OLC*ANCt CNO 

« T OM«tS IS »C*CCNT tCLLO« SANO A. Atrtnf MNO •. J.000 0"N* Z*Q ffCACCNT OAANCC *0C< KAC* C NO . A^OOt 

SOLO »A»0 C. COLO SANOO 1* ' "* " " " 



OA SANO.SiLVCACNO 



I 



Figure 8- Color code for resistors. 
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* EXERCISE 



C>51. What is the total resistance (ohms) of circuit No 1? 

Circuit No. 1 

-I 



a. 30 

b. 15 

c. 1.6 



iv v 







K*4 




» 6 SL 


11 -fl. 



*4 



52. What is the voltagedrop (volts) across R2 of circuit No I ' 



a. 24 " 

b. 12 

\ c 6 

53. What i 5 the current value (ampeVes) at point *A of circuit No P 

a. 1.5 

b. 6 

c. 15 

54. What is the total resistance (ohms) of circuit No 2? 

Circuit No, 2 



{ 



a. 15 

b. . 30 
c 185 




55. What is the voltage drop (volts) across RI of circuit No 2? 



a. 40 

b. 60 

c. 80 



56.^ What is the current Value (amperes) at point A of circuit No 2' 



a. 4 0.324 

b. *0. : 648 
1 c. 4.-0 



57. What is the voltage drop (volts) across R3 of circuit No 2' 



b. 4$ • 

c. " 80 



58. 



r 



a. f 'switch, 
b* - battery. 
C. inductance 
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59. How isNftve total resistance of a d. c. series circuit obtained when the applied voltage" 
is 220 vojts 9 - ' v * 

* s r 

- j^aV^Atfd the resistor values (ohms) in the circuit 
v b. Apply the formula R 1 x R2 x R3 = 
c. Surruthe resjstor values and divide the result by the voltage 

60. Which statement is TRUE as regards a pure resistive circuit 9 

t C ( i - i ^ 

a. > Requires time to respond to a charrge in voltage or current 

b. - Does not require time to respond to a change, in voltage or current <■ 
rcTT^^^Resppnds' immediately but is distorted 

61. ' Which is the symbol for^a resistor 9 



b. ^_^^| , 

" ! * . ' 

62.. 9? d. c. circuit having more than one complete path for the flow of current ^js called a 

a. series circuit. % ' • 

b. 1 short circuit. ... c 

c. " parallel circuit. 

. ' - • y - '<< '■ - 

63. What is.the equivalent resistance of two 5,000-ohm resistprs in parallel? 



a. 2, 300 ohms 

b. 5^0aO ohms v ^ ^^^fe 
'c. 10, 0d0 ohms 



i 

64. If the voltage across two 80- ohm resistors in parallel is 240 voltfs, what is the 
totaPcurrent in- the circuit? . 

a. 3 amps 

"b* *6 amps * 
' *' ' c* 8 amps 

65. The- formula^for finding the power in a circuit" is 

a. P = ~EI. 

% b. £ = IR. - 

c. I = E/R. . , - " * ' 

? 

66. How many watts of power are used in a 110-voit electric toaster with 55 ofems- of 
- resistance? 

a\ 55 , 

b. 110 

c. 220 > i 

■ — " - 
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67. When 200 volts are applied to a d. *c/ circuit having a 400-ohm and'250-ohm resistor 
in parallel, how many volts can be measured across, the lesser* resistance? 

a. 100 ■ 

b. 150 " - 

c. 200 . * ' ; 

f 

68. What is the current reading (in amperes) of a 110-volt electric iron if the heating unit 
has a resistance of 50 ohms? 

a. 0. 5 

b. 2. 2 * 

c. 22,0 ' , w 

69. A d. c. circuit has two resistors in series and a 120-volt power supply with a current 
flow of 0, 2 ampere/ If there is a voltage drop of 40 volts across one of the resistors, 
what is the resistance (ohms) of the other 0 

a. 100 

b. 200 s ° 

c. 400 % 

70. A voltmeter reads a potential drop of 26.0 volts across a 50-ohm resistor* How much 
current is flowing through tHe resistor? * 

V 

a. * 0. 52 amp m _ 

b; r 1. 92 amps # 1 * 

* c. 76 amps * 4 
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CORRESPONDENCE COURSE 
. of the 
• U{ '.ARMY.' ORDNANCE 
CENTER 'AND SCHOOL . 

. > >. .,_ 

♦ 

Ordnance Subcourse No 98 Fundamentals of Electricity 

Lesson 4 Alternating Current, Inductance, and 

Capacitance 

Credit Hours . . * . . Four 

^ . 

Ilesson Objective After studying this lesson ypu will be able to: 

K Describe alternating current and its com- 
parison with direct current, 

2. Describe inductance and capacitance^and , 
state why they are present in a. c. 

' .....circuits. i 

3. Give the methods used to determine tl^e 
amount of inductance and capacitance in 
an a. c. circuit. 

T ext { . . Attached Memorandum 

Materials Required None ' 

Suggestions None 

STUDY GUIDE AND'ATTACHED MEMORANDUM 

1. INTRODUCTION. . 1 ' 

a. Thus far, We have been concerned only with direct current; i.e. , 0 current that 
flows in only one direction through an external circuit. Such 1 current can be varied by 
changing the magnitude of the applied potential. f 

»<■ 

b. What would happen, though, if we reversed the polarity of the potential source 
on a d. c. circuit 0 The current flow would reverse naturally, because electrons always 
travel from the negative electrode to the positive* 

2. ALTERNATING CURRENT. 

„ 3 1 ji. Direct current can vary in magnitude and may even pulsate* as long as the 

direction of current flow does not change. Normally, we think of direct current as reaching 
some value in a very, short time, and maintaining that value as long a,s the circuit is un- 
broken. & 

b. If the current in a circuit reverses direction, it is called ALTERNATING 
CUR.RJETNT.., In addition, conventional a. c. is continuously changing in magnitude , and 
periodically changing in direction . , ; 

OS 98, 4-Pl 
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c. Although direct current was the first source of commercial electric 
power, it has several inherent disadvantages which overshadow its apparent simple 
nature. Chief among these features is the fact that direct current cannot be trans- 
mitted over long distances without intolerable losses of power.* Alternating current, 
on the other hand,, is easily transmitted across country. In addition, the ability to" 
radiate a.c. power 1 from an antjenna opened the entire field &[ radio communication 
as we know it today. 



r 

aanet: 



d. The principles governing macjhetic fields enabVe man to convert- 
mechanical energy to electricity by tne uselo'f generators. AVe will not be concerned 
with the operation of Shese machines. We note, however, Jthat the electrical output 
of a. c^ generators is continuously changing in magnitude and direction, and is 
therefore a source of a.c. potential. 

e. • If an a.c. potential is graphed as a function o: Lime, the waveform ;s 
a s:ne wave (fig. 1). 




^Figure 1. Sine wave. 

f_. I: is immediately apparent that this waveform is constructed by 
continuously repeating one pattern. This unit, which arbitrarily begins at zero, 
builds up to a positive maximum, decreases through zero to a -negative maximum, 
und then returns to zero, is called a CYCLE, * 
f *■ * 

Since this variation of potential occurs during a discreet period of 
time, a particular source may be characterized by the fixed rate at which the 
polarity reverses. This rate is termed FREQUENCY and ii given m units of c.p.s. 
(cycles per\second). Now, when you hear someone refer to conventional household 
current used in the United States as being 60 cycles^ pe'r second, you know that the 
potential source supplying the system performs a'complete reversal of polarity sixty 
times a second* Such current is *often termea merely ,f 6tf cycle, ,f the» unit of t;me 
is understood to be seconds by convention. ^ e 

h. In describing the magnitude of'an a.c. current or voftag«, you will 
encounter foxir different values. All of them are useful in certain applications, so* 
you will nfced to become familiar with :he:r interpretation. t 

(1) The instantaneous value of a.c. voltag°e or current is the exact 
value at a particular instant o: time. These values are nornpally 
represented by lower case letters; i.e., for current, and for * 

» voltage* * 

. (2) The maximum instantaneous value is termed the peak valae, and 

is represented by a capital letter (I or "£ ). * 



no 
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(3) The average value of an alternating current or voltage is the average 

value over one-half cycle. This has been calculated to be 0, 637 times 

v the peak value; for example, I _ = 0,637 l t or E „ = 0.637 E . 

x • F a vg . rn a vg • m 

(4) '.The value of current or voltage normally indicated by an a. c, ammeter 

or voltmeter is the effective value . The effective value is the equivalent 
d. c. value, and is 0,707 time* the peak value (I eff = 0.707 I ). The f~ 
term, root' mean square (r. m. s.)> is commonly used for effective value. 

# 3. INDUCTANCE. * 1 : * 

a. Inductance is that property of an electrical- circuit which tends to oppose a 
change (increase or decrease) of current. By analogy, you may think of inductance as the 
inertia of an electrical system. 



b. «In order to gain an understanding of the principles underlying inductance, we 
must recall that electrons ii\ motion are surrounded by a magnetic field. Such a field 
^Surrounds every current carrying conductor. * % 

§ 

(1) By coiling w^re we are able to sum these lines of force and produce new 
and stronger fields. This is similar, in some respects, to the Increased 
elasticity produced by coiling steel wire to form a spring. * ' 

(2) The^e new line,s of force issue from one end of tKe coil and return to the 
opposite end as in a magnet. 

(3) The strength of this field is related to the amount of current flowing in 
the coil. Any variation in the current changes the magnetic field " 
intensity inducing an e, m. f. or voltage on the coil. This property of 
a coil is knt>wn as SELF -INDUCTANCE. 

? (4) Faraday*s law states that the e. m. f. induced in'any circuit is dependent 

upon the rate of change of the magnetic lines (flux) linking the circuit. f 

(5) Lenz's law adds to $his by stating that' the induced e. % rri. f. is always in 
such a direction*as to oppose the change of current wjiich produced it. 
For this reason, the induced voltage is called a counter e. m. f. 

(6) Both* of the foregoing laws may be summarized by the formula 

e = - Q lj3i/dt, where e is the induced voltage, L is the inductance, and 
di/dt is the rate of current change. * 

• c. ' Inductance is measured in units of HENRIES By way of ^definition, a henry is 
the induct ante of a circuit in which a current change of one ampere per seconS causes a ~ 
counter e. m. If, of one volt, A henry is a large unit, and is seldom used in electronics 
work. Units'of more practical values are the millihenry (lmh = 10~ 3 h), and^the micro- 
henry (Ijih = 1(T 6 ). . / 
. f 

d. You will recall from previous lessons that a resistor*is an element which 
limits the flbw of d, c. ij> a circuit. A resistor also limits a, c. flow. Since a. c, is o* 
continuously changing in magnitude however, inductors that 'oppose this change produce 
an additional resistive effect. This opposition, termed INDUCTIVE REACTANCE, depends 
upon the frequency of the current and. the inductance. of the coil. It may be calculated from 
the formula X L = 27TfL. Where is the symbol for inductive reactance in ohms, f is in 
c. p. s., and L is in henries. This formula merely states that the inductance is propor- 
tional to the frequency. The voltage also will be affected by the inductive reactance and is 
expressed by the formula E = DCL, or the voltage will equal the current times the inductive 
reactance. * «? A 

I 1 . 
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The limitation of current and opposition to change caused by an inductor 
produces a delay in time between the application of the maximum voltage, and the 
realization of the maximum current flow. This is a phase shift, and amounts to a 
90 change across a pure inductor . Thus, the current through a coil is said to 'Jlag" 
_the applied e. m.f. by 90 . 
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Circuit analysis. 

(1) Inductors connected in series offer onlf one path for current flow. 
The total inductance of tv/o or more inductors connected in series, 
and shielded from one another, is the Numerical sum of the individual 
inductances (fig. 2) v 



Figure 2. Inductors in series circuit. 

(2) Inductors connected in parallel provide alternate paths for current 
flow. The fotal inductance of such an arrangement ii calculated as 
trfe reciprocal of the sum of the reciprocals of the individual 
inductors, provided the coils are shielded to prevent mutual 
inductance between |he coil (fig. 3). 



1 



S = 1 ,1 + i - 
L l L 2 S 



Figure 3. Inductors in parallel circuit. 

(3) These formulas correspond directly to the orJes previously derived 
f for resistors. * 

£. Inductances are normally identified by printed values on the exterior, 
rather than by color coding. 
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4. capacitance: - - • 

a. Capacitance is that property of an electrical circuit which tends to 
oppose a change in voltage. You will soon realize that capacitance produces an 
effect opposite and complementary to that produced by inductance, 

b. Although this effect (s'present to some extent in all circuits,, it is 

most pronounced m particular elements called capacitors. A capacitdr, or condenser 
as it is sometimes termed, consists physically of any two conductors separated by 
an insulating material called a dielectric. 

c. Since we did not mention capacitance in our discussion of d. c. , you 
might wonder how it affects such a circuit. * 

(1) The truth is that a capacitive effect is only noticeable in d. c. 
circuits during opening or closings^ the circuits when it opposes 
the change in voltage. Thus, it is said to block d. c. and present 

* an open circuit condition. 

(2) In addition, however, a capacitor stores electric charge on its 
plates. If you connect a capacitor to the terminals of a d. c. 
potential source/the voltage forces electrons onto one plate of the 
capacitor. Although these electrons cannot pass through the 
dielectric unless the breakdown voltage is exceeded, they can 
repel electrons from the opposite plate. The electrons from the 
second plate "flow back to the positive terminal of the potential 
sourcfe, and the capacitor is said to be charged. 

(3) ^Current flows through the circuit while the capacitor is> charging, 

but stops when the capacitor is fully charged. Compare this to the 
current through an inductor, which is initially small and gradually 
increases, and you will agree that the effects are opposite, but 
complementary. * 

(4) If you reverse the lead wires on the capacitor, it will discharge 
through the potential source and charge with the opposite polarity. 
(A capacitor may also be discharged by disconnecting it from the 
circuit, and shorting its terminals. In this case, the energy is 

k released in a spark.) 

d. Alternating gurrent is constantly changing polarity at a fixed frequency; 
therefore, a capacitor in an a. c. circuit will be constantly charging and discharging 
at the same frequency. 

e. If both d. c. and a. c\ are impressed upon^capacitor it will block the 
d. c. but "pass" the a. c. due to the constant .charging and dfscnarging. t 

L It was discovered experimentally that for a fixed capacitor the ratio of 
charge to the voltage causing it is always constant. This gives us the formula 

2 * , 

C = E as a means of calculating capacitance, where C equaTTcapacity , Q equals the 
charge on one plate of the capacitor, and E equals the applied voltage. 

Capacitance is measured in units of FARADS, 9 

(I) A fa.rad is the capacitance possessed by a capacitor on one plate ' 
o{ which one coulomb of charge is deposited by one volt. 

\ 

\ 
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(2) Although the capacitance of five millionths of a farad (0.000005) rm^ht 

appear rather small, many electronic circuits require capacitors of much 
smaller value. Consequently, the farad is a cumbersome unit and far too 
large for most applications, The microfarad, which is one-millionth of a 
farad (I x 10"^ farad), is a more convenient unit. The symbols used to 
designate microfarads aretfF and MFD. In high frequency circuits even 
^ 0 01 the microfarad becomes too large and the unit micromicrofarad' (one- 

millionth of a microfarad) is used. The symbols for micromicrofarads 
areM^F and MMFD. .However, the name "picofarad'^(pF) is preferred in 
place of micromicrofarad. In powers of ten, one picofarad (or one 
, micromicrofarad) is equal to 1 x 10" * 2 farad. m 0 * 

h. The opposition of a capacitor for a. c. is found to decrease with increasing 
frequency and capacitance. CAPACITIVE REACTANCE, which is given the symbol X c 
and is measured in ohms, is calculated from the formula x c '' = rag » where f is the 
frequency of the a, c. source, and C, the circuit capacity in farads, and 2?ris 6.28. 

i. Circuit analysis. 

x (1) Capacitors in series total like resistors in parallel; i.e. , the equivalent 
capacitance of two or more capacitors in series is the reciprocal of the 
sum of the reciprocals of the individual capacitances (fig. 4). 



HH H.K- 

C l C 2 C 3 C . 



C t=T 



C l C 2 C 3 



Eigure_4....Xapacitojr_s_in_series^ circuit. __ 

(2) When capacitors are connected in parallel, the equivalent capacitance is 
^computed as the numerical sum of the individual capacitances (fig. 5). 




Ci 

H f- 



■ H (r 



e t .c,.e 2 



Figure 5. Capacitors in parallel circuit. 

j. We have seen how a voltage applied to a capacitor produces an instantaneous 
current response. Because of tlje charging proc ess. involved, the voWage across a capac- 
itor cannot build up instantly. Thi/time delay is again termed a phase shift. For a pure 
capacitor, the voltage is said to "lag ,, thc current by 90°. Since the voltage, is normally 
taken as the reference, however, we may reword this and say that the current "leads'' the 



voltage by 90°.. 

i 



/ 



76 



OS 98, 4-P6 



k. Capacitors are rated according to*ttieir storage capacity in terms of farads. 
In addition, they are also rated for a safe working voltage. This is a value safely below 
the dielectric breakdown voltage (i.e. , the voltage at which the dielectric breaks down 
and conducts electricity). 



mda 



L Capacitors are identiffed with the stanaard color code used on resistors. 
There are two marking codes presently employed; el g. , the JAN (Joint Army-Navy), and 
the RMA (Radio Manufacturer's Association). An understanding of these codes is not nec- 
essary for our purposes. * 
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71. What describes the effect produced by capacitance in comparison to inductance? 

a. Alike 

b. Opposite 

*c. Both block d. c. 

72. What is the exact value of an a. c. voltage or current measured at a particular 
instant of time called? 

a. Effective value 

b. Peak value 

c. Instantaneous value 

73. If a 60-cycle alternator delivers 220 volts to a capacitor having a capacitance of 
14.5 microfarads, the capacitive reactance in ohms will be 

a. 18. 

b. 183. ' 

c. ,546. - ' 

74. A standard 0- to 100-ampere ammeter is connected in series with the output of an 
a. c. generator. If the peak current is 100 amperes, what value will be indicated 
on the meter? 

* ; 

a. 70. 7 amperes b 

b. J 90 amperes ^ _ 

c. 100 amperes 

75. Which is correct as regards a purely ; capacitivejCircuit ? ]J 

^ a. Voltage and current are in phase 

b. Current will lead voltage by 90° 

c. Voltage will lead current by 90° o , 

76. Which is a characteristic of an inductor? + 



a. Tends to s oppose a change of current * \ 

b. Does not resist currentVhanges *r 

c. Tends to onpose a change m voltage 
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77. Which characteristic of a capacitor is TRUE 9 



a. Current lags the voltage by 90° 

b. Voltage across capacitor builds up instantly 

c. Instantaneous response to current when voltage is applied 

78. ^Inductance is usually associated with a. c. circuits. It is present in a d. c, circuit 
ONLY at the time when the current is 

a. increasing. ^ 

b. decreasing. 

c. changing. 

•-79. Which procedure 1 is used to determine the total inductance of two or more-inductors 
connected in series 9 

a. ProdUct over the sum 

b. Sum of individual inductances 

c. The reciprocal of the sum of the reciprocals of individual inductors 

80. What is another term for the r. m. s. value o'f alternating current 9 

a. Effective value , 

b. Instantaneous value 

c. Peak value 

81. Which decreases the opposition of a capacitor to a. c. ? 

' a. Low frequency _ * - 

b. Lfw voltage 

c. High frequency 

* ' ♦ 

82. The counterpart of inductance in electrical circuits is capacitance. The properties 
of capacitance are such that when a d. c. potential is impressed across an uncharged 

, capacitors the current flow will be 

a. constant. « 

b. low, gradually increasing. 
— b. high, gradually decreasing. 

83. What is the graphic^portrayal of potential over a period, of time called? 

a. * Flattop wave * «■ 

b. Sine wave ' 

c. Sawtooth wave 

V - . 

'84. The capacity of a capacitor is expressed as the ratio of the charge on the plates' to the 



voltage impressed across them. If a capacitor will store 0. 2 coulomb on its plates 
when connected across a 440-volt circuit, its capacity in microfarads is approximated 



a. ' 44. 

b. 220, 

c. 455. 
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The maximum voltage delivered by an a. c. generator is 770 volts. What is the 
average voltage impressed across a load in series with the generator? 



a. 490.49 , • 

b. 5*4,39 

c. 1, 089-09 ^ 

86. A radio repairman heeds to replace an 8-microfarad capacitor in his company 

commander's radio, but cannot Locate one in his shop supply. Rather than deadline 
^ t* item for parts, he can replace it with 

a. a 4-microfarad capacitor and a 16-microfarad capacitor in series. ' ' 

b. two 16-microfarad capacitors in series. 

c. two 4-micro-farad capacitors in series. 

8#. A coil has an inductance^ 3 henries. Neglecting its resistance, at what rate will the 
current increase when the coil is connected directly across a 24-volt batterv? 

*^ 

a. 0. 125 amp per second 

b. 0. 8 amp per second 

* c. 8.0 amps per second 

88. A high frequency choke (coil) is required for a radio transmitter. It is determined 
that an inductance with 10,000-ohm reactance will reduce the-5-megacycle $ignal 
, current to a value of 2. 5 milliamperes ! What is the voltage of the signal? 

a. • 10 

b. 25 

c. 34 



89. What is the opposition in a coil called^ 

a. Resistance 

b. Henries 

c. Inductive reactance 



90*. 



The voltage rating for motors and generators is given in termi of the effective value 
However the insulation of the contactors is required to withstand the maximum (peak) 
voltage that is developed. The windings of a 115-volt a. c. motor will be subjected to 
a maximum voltage of approximately 



a. 



125. ' * % 



b. 162. 

c. 180. 
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Lesion Objective J After studying this lesson you will be able fo: 

1. Describe the characteristics! of resistive- 
capacitive and resistive-inductive circuits. 

2, Describe the use of waveforms in ana- 
lyzing-resistive-capacitive and resistive- 
inductive circuits. 
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-Su-yg^ian-ST~: TTT ~~~r 7". . . .~TT "None ^ 

STUDY GUIDE AND ATTACHED MEMORANDUM 

U INTRODUCTION. 

a. Thus far in our study, we have been, concerned only with individual circuit 
elements and their interaction with direct and alternating currents. Now we will proceed 
to investigate, combinations of resistors, capacitors, and inductors . In the' circuits dis- * 
cussed in'this lesson the components are assumed to be ideal, and stray effects or imper- 
fections are considered absent. You should realize, however, that actual resistors, capac- 
itors, and inductors are not ideal; i.e., a resistor possesses some inductance, an inductor 
possesses resistance, capacitance is present between the turns of wire, and a capacitors 
'possesses some resistance - ^ h 

' b. The analysis of both RC (resistive-capacitive) and RL (resistive-inductive) 
circuits will involve WAVEFORMS. A waveform can be described best as* any .rise or fall 
of voltage or current over a finite period of'time and can be drawn a,s a graph of the changing 
current or voltage plotted against time. A variety of waveforms are produced bv electronic 
circuits; those that do hot follow £he pattern of the sine wave are called nonsinusoidal wave- 
forms. Originally, such waves were regarded as undesirable distortions of sine waves. 
Today, the study of such waves has been extended to determine new ways of producing and 
utilizing them. There are two types of nonsinusoidal waves: j:he aperiodic wave which 
appears only once or at irregular intervals, tind the periodic wave which is repeated at 
constant intervals. Unless specifically designated as aperiodic, all waves discussed hex e ? 
will fee periodic waves. v 
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c. Any instantaneous change in voltage may be classified ai a step voltage. 
The change may be either a sudden increase (positive step) or a sudden decrease 
(negative step), 1 i 



2. RC CIRCUITS, 



a. General. The response of any circuit to £ step voltage |can be determined 
by using Kirchhoffs laW which states that the sum of the voltage droj>s in any closed 
circuit is equal to, the applied voltage. For an R (^circuit, this may be^ shown by^thc 
formula: E = E * E . You will recall from our previous lesson that the charge on 

«? R C 

a capacitor cannot change instantaneously. A capacitor without any resistance would 
charge up immediately. But this never happens because there is no perfect capacitor, 
every capacitor has some resistance. Therefore', a capacitor always needs time to 
charge . ! 

b, R C circuit response . In a series RC circuit a capacitdr charges to a 
voltage, equal to the applied voltage provided sufficient charging time is alloued. 
After the capacitor has charged* to the applied voltage, and the applied voltage remains 
constant, a current ceases to flow in the circuit because the* capacif6r offers infinite 
resistance to the flow of direct current. When the applied voltage is removed, and 

a discharge path is provided, the capacitor discharges through the clir cuit . ^The tinu 
required for the capacitor to charge or discharge determines the characteristics of 
the output waveform. Because RC circuits are used extensively for, produ*. :ng the 

-v^r-ious-transien^requir^d-fn-^^ thorough understandu^ of R-G 

circuits and their response^/ to various types of input pulses is essential. 

(1) Positive step. Consider a positive 'step voltage E bemg applied to 
a series RC circuit as shown in figure 1 A . At the, instant E is 
applied, the total voltage appears across the resistor'because the 
capacitor'is/initiaUy uncharged and current" equal jto E/^^s flowing 
to the capacitor. The current-starts to charge the capacitor and a* 
voltage-then appears across C, Because -the sumjof E^and-E^ 

must equal E (Kirchhoff's law), the voltage acrosjs R begins dropping 
as the capacitor charges. If the voltage across the resistor is , 
decVeasing, the current through the resistor musjt also be decreasing. 
Because of the^eCreasing current, the capacitor charges at a 
slower and slower rate. After a short time, the capacitor is fully 
charged and its voltage is equal td the applied 5 voltage , thus, current 
no longer flows. Waveforms of the current "and various voltages 
are shown in figure 1, 

t 

(2) Negative step. Let the applied voltage suddenly be changed to zero 
a negative step voltage, then, with no voltage impressed upon the 
capacitor, the contained charge flows through the, resistor and the 
capacitor discharges. Initially, a voltage equal to theearher 
applied voltage is present across the capacitor, and the polaritv 

of the voltage causes the discharge current to flow opposite to :he 
charge current. As the voltage across the capacitor decreases 
^**\ there is less driving force behind the current and the current 

gradually decreases-. The storage of energy in :he capacnor is 
- • somewhat analogous to the action of a spring puf& one wav on a 
» spring and energy is stored, release the pro ssure 1 ai\d the spriri* 

gives up its stored energy by pushing back the otjher way. 
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T c , 



A, Series *RC circuit. 



E = Applied voltage. ' 

R ? -Resistance 

C = Qap'acitance 

E^ s Voltage -across resistor 

* E 2 Voltage across capacitor 



'I s Current at time t 



B. , Applied voltage. 



D. Voltage across capacitor. 



E /_ 



R • 



CJ - E / . 



C. Current ;n circuit. 




U3 



o 
> 
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E. Voltage across resistor. 



Figure 1 Series RC circuit and its response to a positive step voltage iollowed by 
a negative step voltage. 
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c. RC time constants . The action of an RC circuit ori a step voltage may 
be expressed by the tm»e> cons ta rit for.the circuit. The shapes of wave for m c s for all 
RC circuits are generally the same, this differences arise only in the length of time t 
required ior the circuit to charge or discharge. Since the curves taper and approach 
their limiting values* very, slowly (according to theory the curves never really reach 
the limits;.however\ in practice the difference becomes negligible), some arbitrary 
point on the curves must be selected to describe them. The circuit time constant is 
defined as the time required for a variable, such a,s capacitor 'charge, to change by 
63.2 percent of the total change caused by a step voltage. Although the value 63.2 
percent may seem an unusual number, its use greatly simplified the mathematical 
computations of circuit response. For an RC'circuit. the time constant is givenoy 
Xhe expression:' \ 

r ► • *« 
T = RC, * * , • where. T = time in seconds. , 

S R = resistance in ohms. 

* * t d '= capacitance :n farads.. m ; . 

U the capacitance Were increased the time .constant would Secome longer— a larger 
capacitor coxftaitfs a greater charge, and the charge. Requires longer to flow "out 
through the resistor. Furthermore, if the resistance were increased tne time 
constant would also become longer — a large resistance hinders the current .flow more 
'causing a longer time to be required for the current's passage. If either or both the 
resistance and capacitance aijg decreased the time constant will decrease 
correspondingly. - 

d. ^Univers al time -constant chart * Since the waveforms for different RC 
circuits a~re similar, a universal curve has been constructed (fig. 2) The vertical 
axis is marked as relative percent of vo'ltage or current, and the'horizontal axis,:s 
ma^ked^m terms of time constants. Two curves are drawn so that the chart may be 
used fof either increasing or decreasing values . - 
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Figure" 2. Universal t-.rre -constant cfiart. 
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(1) Consideran RC circuit with the following components: a 5, OOO-ohm" 
resistor and a i, 000 pF (picofarad or micromicrofaiad or 1 x 10~ 12 
farads) capacitor. Applying the formula for the time const At, we find 
that the circuit has a time constant of 5 jisec (5 microseconds). 

T = RC or T = 5 x 10" 12 ? 5 x 10" 9 seconds. , % ' " c 

(2) What will be the current flow and voltages across the resistor and 
capacitor 10 /jsec af^er a 45-volt battery is connected in the circuit? 
Remembering tha-tfthe current flow in the circuit will instantaneously 
jump to its maximum and then die out gradually/ we will use curve 

B j>f the universal time-constant chart, fke maximum current at % - 
the uvstant the voltage is applied is found by Ohm's law: 

•I = E/R, 1 = 45/5000 = 9 x 1(T 3 amperes or ,9 ma. 

Looking at the universal time-constant chart, we find that curve B 
is equal to about 13 percent after 2 time constants (10 ^sec for our 
, * circuit). Therefore, the current flowing i 3 13 percett'of 9 ma, or- \ 

1. I7\ma. Notice how the current quickly approaches' zero after a 
^ number of time constants have passed; i. e.^ the current is considered 

equal to zero after 7 time constants. * 

(3) The initial voltage across tHe resistor will be 45 volts; but the voltage 
will decrease as the capacitor charges, 'ttsirfg curve B again, at a time ' 
equal to two time constants, we find that the resistor voltage has 
decreased to 13 percent of its original value and now is 5.:85 volts 

(0. 13 x 45). The capacitor voltage may now be found bj- two methods. 
'Kirchhoff. ! s law states that the sum of the voltage drops must equal 
45 volts; thus, since E R is 5.85 volts, E c must be 39. 15 volts. We can 
alsasse the chart (fig ZU Remember, the capacitor voltage starts at 
zero and increases to its maximum; therefore, curve A will be used. The 
maximum capacitor voltage will be 45 volts. After two time constants, 
curve A has a value of 87 percent; therefore, the capacitor voltage after 
two'timc constants will be 39. 15 volts (0*. 87 x 45). In a similar manner,. - 
- the universal time-constant chart may be used for any RC circuit and a 
step voltage; however, the chart may not be used for waveforms other 
than step voltages . . # ' : 

->ipte. - „F or applied voltages, other than step voltages, the circuit response may be 
approximated by considering the applied voltage as* a series of stairsteps, each of which 
is a step voltage. Values for each step must be computed before proceeding to the next' 
step. 

», «<• 

S; Use of po wer in an RC circuit. A circuit component receives power which 
is equal to the product of the current flow and the voltage across the component. Power . 
used by the resistor is equal to 1^E R and is' dissipated in the form of heat. Power stored 
by the caoacitor is equal to I t E c and is stored in the form of the potential energy of the 
charge. » » 
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*3. RL CIRCUITS. 

a. General. You learned in the previous lesson of this subcour sVthat the 
How of ellctric'current in an inductor cannot change instantaneously. A"fini$e length 
of time is required to effect any change because of the magnetic field which must 
build up or collapse according to the change. ^ However, many times in elec^onic 
equipment a signal voltage will change rapidly or even instantaneously in 
the form of a positxv^ or negative step voltage. Suppose a resistor and an inductor . 
were connected in series and a step voltage were applied, what would be the waVe- 
farm of the current flowin g 'oT the waveform of the voltage acrqss the inductor -> 
This portion of the lessarr.will show you how a simple RL Circuit responds to voltage 
changes and how you may calculate the current and various voltages. 
, y b. RL circulTresponse to a step voltage . Let us now consider a series 

£L circus to which we will apply a step voltage. The resulting response of the.RL. 
circuit is 4u:te important, because -several similar circuits are used in the antitan* ^ 
missile system. ^ , * , 

> (\) Positive step voltage. As in the discussion of RC circuits we wi}l 
» ' again make use of Kirchhoff's law, the sum of the voltage drops in 

any closed circuit is equal to the applied voltage -, to determine the 
response of our series RL circuit. Let a positive step voltage of 
value £ be applied to the-circuit as shown in figure 3AV A -current 
will ai/emp/to/low in the circuit; however, the inductor will not 
♦ allow an instantaneous change <in this case, increase from zero) 
, of current How, At the instant the voltage is applied the inductor 
creates a back (counter) e.m.f. which prevents current How. A . 
How of current cannot be disassociated from the magnetic field. 
If no field Has built up. no current can How. Since no current is 
flowing.* there is no voltage drop across the resistor and; by 
Kirchhoff's law. the entire voltage £ appears across the inductor 
as E \ Although back e.m.f. of the induct6r prevents an 

instantaneous ,charfge of curre'nt, a gradual increase in currerit.dces 
occur. Studying the circuit a fraction of % a second after the step 
voltage has been applied, we find a small, though increasing;' amount 
of current flowing." Since current is flowing through the resistor^ 
a voltage drop must be present across the resistor. Now. by 
Kirchhoff's tfw. the voltage drop across R and that across L must 
equal the applied voltage E; so. a voltage drop is also present 
across L. Because the current is increasing, the Voltage across* 
R is increasing and thus the voltage across L i's decreasing. The 
voltage across R increases until £ R equals E and the maximum 
possible current is flowing: consequently, the change of current 
ceases and a steady-stage of equihorium is maintained. Voltage , 
and current changes may be shown graphically as in figure 2, The 
closer the current gets to the limiting value {when ail voltage 
appears- across R and none across*Lf, the slower the current tends 
to increase. According to theory the current never reacnes tr.e 
limiting value ou;.in practice the'ditfe rence quickly secorr.es 
negligible. > r 
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A. Series RL circuit 



E = Applied voltage 

R = Resistance 

L = Inductor . 

E^ = Voltage across resistor 

E = Voltage across inductor 



<9 



Current at time t , 

F ( 



3. AppUed voltage 



E 

o r 



> 




D. Voltage across'mcuctor 



Rj 
O 

C. Current :n circuit 




Figure 3. Series RL circuit anc/.ts tosponae to a pQsit/ye*st'ep voltage 'followed -?y 
* - a negative. step' voltage. ; •* , » ' \ ' 
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(2) Ne gative step voltage . As you. recall from. your previous study of 
inductors, the building of a magnetic field around the coils provides 
the back m. f. when lines of flux cut adjacent turns of wire^. JVhen 
a negative step voltage is applied the collapse of the magnetic field, 
which was built up by the flowing current, again provides an e.m.f. 
countering the current- change . Removing the,apphed voltage E * 
' • w ill give a negative step voltage. At the instant the voltage is 

removed, the current, having no* driving force, attempts to stop 
and would do so were the inductor not in the circuit. The inductor 
contains scored energy in the form of its magnetic field. This 
field, which was produced and maintained by the moving charges 
' composing the electric current, will collapse in the absence of a 
sustaining current." As the field collapses, the flux lines move 
inward arid again cut adjacent turns of wire and induce an electric 
voltaee, in 'the coil. Although the induced voltage also has a field, 
* O the nit result is a conversion of the total field into a decreasing 

' electric current.- The direction of this current is such as to oppose 
the change of current; the action tends to maintain the previous* 
currerit (Lenz's law). Current through an inductor cannot^U>p 
Instantaneously anymore than*it can start instantaneously.. When 
* * the negative step voltage. is applied to an RL circuit, the current 
gradually decreases and the voltage across the resistor gradually 

• decreases. .When a steady current flows there is no voltage 'aero s 

* the(inductpr; however, with Z suddenly removed, the coliapse of 
the ihductdr*s magnetic field causes a voltage to suddenly appear 
across the' inductor and then gradually die out as the energy of the 

• * field is used. As the magnetic field collapses, it becomes weaker 

4 ^ causing the current to decrease angapproach zero. A se*t of ^ 

' ' curves may be drawn to show current and voltages resulting from 
the r.egative step voltage; these curves are shown in figure 2. 
s 

Note.'— r Care must be exercised when a negative step voltage is obtained by 
. " operung a switch. An open switch places a very ttigh resistance in the circuit. 
The acjton'of the'mductor is to maTnTain the current which had been flowing. 
-"The current from the inductor attempts to flow through the high resistances and 
y an extremely high voltage across the switch is created. The voltage bua&sjtf 
" to thtMtfoint a£ which air breaks down anei an arc jumps across the switch. Thfe 
arc can be ^evented by using a discharge resistor which is wired so that as 
p the apphed TOltage is removed, a low resistance path is provided for Che* current 

" c . RL time constants . The effect of any particular RL circuit may be, 
described by the time constant for that circuit. As for R^circuits^. the time 
-^orfstant is that time required for a variable of the circuit to* change by 6S. 2 percent 
~ offthe total chanje introduced by a step voltage.* For a positive step voltage \ the 
' line constant is the time required, for the curret to achieve 63. 2 percent of the 
&usbbrro:n value, or the resistor voltage to reach 63.2 percent of the step voltage 
or the* inductor voltage to decrease to 36.8 percent oUhe step voltage (when Z^ 

• • * 

reaches i~ . 3 percent of the original voltage across the inductor. 63.2 percent o: . 
the total change has been accomplished). The value of the time, constant is cefir.ee 
as-: • • _ 

■r> = h t where T = time m seconds^ 

*** L = inductanA m henries. . t 

\ * ' R = resistance in ohms. 

;.\he time constant for an RL ci V u>t may be used m conjunction vwith'tne universal 
" t^ree -constant chart to determine voltage anfi current at any particular instant. . : r.e 
' procedure :s -.centre a I to that^for RC csrcuitV 
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d- Power in a series RL circuit . While current is flowing in the RL circuit, 
the resistor is receiving power equal to ItER. The power going to the resistor \s di'ssi- 
pated in the form of heat and can never be recovered. Whenever the current is increasing 
in the circuit, power is also drawn by the inductor. The power going into the inductor is 
equal to and 1S stored in the form of a magnetic field. When the current decreases, 

the inductor puts power back into the circuit as the magnetic field collapses. The expres- 
sion for. power returned to the circuit is the'ia^e as that for power taken from the circuit. 

/ * 

EXERCISE 

91. 'What is the purpose of switching a low- value resistor across trie RL circuit at the 
moment a battery is switched out of the .circuit 9 I < % 

a. Allow the inductor's magnetic field to co*llaps e"- f 

b. Sustain the current which is flowin-g 

c. Prevent arcing in the switch 

^2. What will happen if the wire connecting the resistance and inductance in figure 3A 
is cut while current is flowing in the circuit 9 

a. A high voltage spark will jump' across the wirte as it parts 

b. Nothing 

J c. ♦Current will cease and the inductor will maintain its sto^a energy 

93. Jn circuit No 1, what is the voltage (volts) across the capacitor 500' ^sec after the 
positive step voltage has been applied/ 1 '' 



a. l.*5 

b. 28.5 

c. 3p 

Circuit No 1: . 



- R < z K000.000 /i(ohma) * 
£ 1 ■ • 

Zip - c = 50 pf {picro(2Tid or 

' ■ micromicrofarads ) 

t 

* ' ** 

E is a positive step. voltage of 30 volts. " 

94. In. circuit No 1, what is the vpltage (volts) across the 1-million ohm resistor 20.^sec" k 
after the positive step voltage has bee*i applied? 

a. 28.5-^ . . - 

b. 20. 1 • • v 

c. 9.9 * 

9 

9^5. What is the time constant (//sec) of circuit No P 




ft 
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96. Which series combination of circuit elements wili have the jhorte: t-.tirnc ccns^^i 5 



a. A capacitor and a 100-ohm resistor 

b. A 6000-Mnenry inductor and' a 300-ohm resistor 

c. A 4000-luhenry inductor and a 10, 000-ohm resistor 



97. 



& A positive voii 
kind of waveform? 



o\*fcej>f 0. 2 



2 second followed by a negative voltage of 0. 3 second is wha* 

% 1 



98. 



a. Aperiodic, sinusoidal 

b. Periodic, sinusoidal 

c. Aperiodic, nonsinusoidal 

In circuit No 2, wh\j is the voltage" ( volts ) across* the inductor 75/ise:: after the pos:t- 
step voltage has been" applied ^ 



7 



a. 20.0 * 

b. 10,0 

c. 1'. 0 

Circuit No 2: 



. 99. 



1 ? 



E = 1 ,000 A (ohms) 
R 



E =25 miHi hennea'US x lCf ^ 



E is a positive step voltage of 20 volts. 



In circuit No 2," what is the current (ma.) flowing through the resistor 50^<?ec after . 
the positive step voltage has been applied 0 • 



,a. 17.4 
*b. ' 11,3 
i: 8.7 



100, 



In circuit No 2, how much time (//sec) after the positive step voltage has beer, apphec 
is recuired for the current to reach the steady- state 0 



a. 25 

b. 100 

c. 175 



101. 



In circuit No 2, what is happening to the magnetic field 25 //sec after t£e ^BH^ e 3te P 
voltag^has been applied"* 



a. -increasing 

b. Collapsing 

. c. - Not ohanging 



9 

ERIC 



102. Let a step voltage of 1 volt be applied to* a series c:rcu:t a 100-//f capacitor ard n 
1000-ohm resistor*. Which has occur red." after a time interval of ! time crsta^t 



a. Voltage across* the capacitor has , decreased by 0. 368 volt- 

b. Voltage across the resistor nas becom^firphS volt 
c- Currerft has ceased to flow w *-* 
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103. What characteristic*^ an inductor is primarily responsible for the qutput waveform 
*. of the RL circuit 9 

a. Opposition to changes in current flow k , 

b. Aiding changes in current flow 

c. Opposition to changes in voltage 

104. What becomes of the energy supplied to a series RC circuit 9 

a. Dissipated as heat and some stored as electrostatic charge 

b. Dissipated as heat and some stored as magnetic field 

c. Stored as both electrostatic^ change and heat 

105. If the values of a resistance and^apacitance in a series RC circuit are each halved, 
the time constant * ( ^ 

a. is cut in half. 

b. remains the same. 

c. is reduced by three-fourths. 

106. What is the form"oT^he stored energy in a series RL circuit wh£n a steady current 
is flowing 9 * 

a. Magnetic field around the inductor . 

b. High temperature of the resistor 

c. Electrostatic charge on the inductor 

107. Shortly (1 time constant) after a positive step voltage is applied to a^series RL circuit 

a. Er is increasing and^L is decreasing. 

b. Er is decreasing and E^ is increasing. 
. c. ER is decreasing and E^ is decreasing. 



**108. What phenomena \s responsible for the back e. m. f. created by an inductor 9 

a. Interference of flux lines from adjacent turns of the inductor 

b. Induction of voltage as flux lines cut adjacent turns of the inductor * 

c. Cancellation and reinforcement of flux lines within the inductor 

109., At what time constant is the current from 3 discharging 'RC circuit considered equal 
to zero? 

a. 0 ' * 

b. 1 

c. 7 

'110. Shortly (1 time constant) after a negative step voltage i-s applied to a series RC circuit 

* 

a. Er is increasing and electrostatic charge is decreasing. , 

b, Er is decreasing and electrostatic charge is decreasing. jr 
• c. Er is decreasing and electrostatic charge is increasing.. 
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LESSON ASSIGNMENT SHEET , 
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Lesson 6 Operation and Characteristics of Va^um 

— Tubes »uW 

Credit Hours Four * 

Lesson ^Objective After studying this lesson you will be able to: 

^ 1. Desciutie the construction and operation 

' of vacutrm tubes. 



, i jq( " 2, State the different types and application 

I / j « of vacuum tubes. 

3. Describe the construction of graphs used 

a > " in determining vacuum tube chararCter- 

istics. 
« 

T ex t \ * . Attached Memorandum 

' ' i 

Materials, Required ^ • . . ^Nohe ^ 

Suggestions None 

STUDY GUIDE AND ATTACHED MEMORANDUM 

1 , INT RODUCTION . * 

a. Electron- tubes and transistors form the nuclei of most modern electronic 
apparatus. The great diversity "of electronic applications stems directly'from the use of 
versatile 'electron tubes and transistors. Today, transistors are rapidly replacing tubes 
in many applications; however, there are still a great number of jobs that can be done best 
only with tubes.* Electron tubes are not going slowly into extinction; they will be used for a 
great man^ r years°to perform jobs for which they are the most efficient and practical means 
This Lesson" will begin your study of electron tubes while transistors will be discussed in th 
next lesson,' 

b. An electron tube may be considered as a kind of valve for controlling the flow 
of electrons.. Varipus special features are constructed into tubes to allow certain specific 
types of control.^ In an electron tube fr.ee electrons are produced and then flow through 
space, usually a vacuum, and impinge on a target. The flow of electrons constitutes a 
current; control over- th*s 'current is the key to the tube's versatility. 

c. During his experimentation with the incandescent lamp Thomas Edison discov 
ered a phenomenon that he couldn't explain. If a second conductor were«placed inside the 

, glass envelope and connected through an ammeter to\he positive end of the voltage source, 
a current was measured; however, if s the connection were to the negative pole of the voltage 
source/ no current was measured. The British scientist Sir J. J. Thomson later explaine 
. * * 
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the Edison effect (electron emission)^s bein£ l eaused by A^c^oi electroi s through sp a ^ 
from the very high temperatucre, negatively charged filament (cathode) to tlie ->osit;v\ly 
charged plate (anode). The two-electrode tube found use as a rectifier because cur:er.; 
could flow in one direction only, thus alternating current could be easily convcr'^d * A lc 
direct current. Radios used the tube as a detector. In 1?07», Lee DeForest imor:'*'^ t.n 
tvacuum tube by. placing a third electrode between the existing electrodes. $*nail vasxaticr 
in the voltage of the new electrode produced correspondingly large vcriationb in a-- cur 1 
flowing through the tube. The new electrode was called the control grid aid .ir> . ^ . ,x»u 
"fion allowed the vacuum tube to amplify relatively weak signals. The DcF^rest i x^e v. as 
one'of the more significant milestones in the development of electronic* a .c . adi. . T-< : . 
several additional controlling grids have also been installed to increai-r further t: c /cr-'. 
tilif^r of the electron tube. * 

d. Tubes may be classified according to their construction anc :ur f i Vac v. 
tubes are those in".which air and ^ases have been evacuated. „ Some tui-es, uj.>-^~.» * ,* 
have a special inert gas present inside their envelopes. The cathode ("S J • r C , Tf CTcTrT" 
may be heated directly by an electric current t or indirectly by radiation o\ r.-v* rr ,r: a 
Separate filament (heater); in some cases, electrons are virtually pulled out the .;th'. u 
by an^extremely intense electric field. A tube which contains two elements is known as ^ 
diode. Three elements compose a triode, and four elements a tetrode. T:v - and j ,v u. • 
ment tubes are pentodes and hexodes, respectively. Sometimes, two diode s and twj trior 
or any combination of the above assemblies are placed inside th<i same tnvciope, then, + h 
tube is a duo-diode, a diode-triode, etc. Tubes are also called, according to their tuncti 
rectifiers, amplifiers, detectors,* mixers , oscillators, and puctoeiectric tu .'e ca*:i c- ■ 
tube, etc. 

2. ELECTRON EMISSION. 'l 

a. General . Because an electron tube accomplishes jts purpose by the ccmro 1 
a stream of electrons, a reliable, steady, convenient source of electrons 1* n.'c^is .ry. 
Presently, "'there are four methods which are used to produce the necessary election strt 
thermionic emission, secondary emission, photoelectric emission, and - old -cathode em: 

.sion. 

b. Thermionic emission. In a conductive metal the electrons of e^ch lr.iiividu:. 
atom are rapidly orbiting around the nucleus of the atom. Tjie nature of the forces hoj'i.n 
the electrons is such that occasionally an electron n/ay more, it s^ orbit from one nucleus t 
the next. . A great number of electrons moving in the^-same direction constitute* an elertr 
current^ The speed at which the electrons orbit is deoencent upon the' t arret raKire of tr.<- 
mate.rial;*i. e. , the higher the temperature, the faster the^Lectrons are mov.ng in their 
orbits and the more energy they possess. At a certain temperature, different fc.r each 
material, the energy of the electrons has increased to the point that the force holding tht 
electron m the atom is overcome -and the electron flies away from the nucleus. Th~ esca 
energy is called the work function (giv^n in units termed electron volts) and is different f; 
each material. The lower the work function of a material tne eastji *Iectrona may - o ; ?. p 
or, stating trie idea differently, "the lower the work function, the lower the temperature at 
^•hich emission* begins T For each emitter, the rate of electron ermsoj^n m^re/.s s ts tt.r. 
perafure increases above the lower limit df emission temoerature. An uocer limit is 
dictated by the melting point of the material./ A material which has a low work functiun 
is desirable in electron tubes as too high a temperature causes the emitter to burn 
because a perfect tube vacuum is not 'attained and it also brings the material near its 
melting point thud reducing structural strength. The most satisfactory rr.at-^r.ls ^re 
tung3tcn, thpriated tungsten, . and metals coated with alkali/.. - taith %>:,'i 

* £. Secondary emission. Secondary emission is not used :ommcr.l«' i.i 
electronic tubes to produce the electron stream. However, Secondary emissirn does 
occur in tubes and thus must be understood. If an electron Avere flying very rs.p-.dly 
through space and sudderly hit a material, the ener^*' <jf ruction cf tr - cL.l- r ^uit 



be used up in tome manner. In some materials, the energy from a bombarding elec- 
. 'tron is transferred to the electrons of the material- The additional boost of energy- 
may be enough to allow some of the electrons to overcome the material's work-func- 
tion and escape„as secondary electrons. Secondary emission can take place wi a tube 
when electrons hit the plate, but this action is undesirable and steps must be taken to 

reduce the effect. This will be gone into in more detail later in the lesson. 

t 

d. Photoe lectric^ emission * Photoelectric emission is utilized only in a few 
special purpose tubes. Light possesses discreet "bundles" of energy called photons. 
When light falls upon a surface, the energy is distributed partially to the light that is 
reflected and partially to the surface, A few materials, such as silicon, have the i 
ability to use the energy of light photons to speed up electrons of thje material. Here 
again, if the electrons can overcome the materials work function, emission can occur. 

e. Cold-cathode emission . The fourth type of emission is cold-cathode. In 
the previously described methods., the electrons gained moving or kinetic energy andf 
escaped; however, in the cold-cathode method the energy is potential — like a rock 
ahput to fall. By using another electrode that is ve*ry highly, charged, an extremely 
intense electric # field is brought near the emitter. As electrons carry a negative charge 
they are strongly attracted to the postive electrode; in fact, so strong is the field that 
the electrons are actually pulled out of the emitter just as gravity pulls on a rock, - 

Be causey he very high voltages required introduce many problems, cold-cathode „ 
s-mis*-ion is not commonly used, — • r: — - 

3. DIODES. ^ 

a. General , Although the dio.de was the first vacuum tube to be generally 
used and its configuration is relatively simple, the use of diodes is still incorporated 

- in the majority of modern electronic equipment. The most common uses are in recti- 
fier and voltage regulator power supply circuits. Many of the principles involved in 
*\ the operation of the diode are common to triode and multielement tubes* 

b. Construction . A representative diode tube is shown in figure 1 with the 
various components identified. The filament serves here as an electron emitter' but 
in other tubes it might be used solely to heat a small oxide-coated cylinder concentric 
with the plate. The plate, of course, receives the electrons liberated by the emitter. 
A getter is included within the' glass envelope to maintain a good vacuum. After the 
tube is sealed off, the getter is flashed with an applied voltage and produces a com- 
pound which absorbs gases that might be present in the tube. The whole structure is 
enclosed in a glass or metaTenvelope that is sealed after the tub? has been evacuated 
of air and gas. Electrical connections from the electrodes to the* pins are made by a 
special alloy wire passing through the glass. The wire has thermal expansion charac- 
teristics identical to those of the glass' thus forcing a tight seal to be maintained at all 
temperatures. The schematic symbols for a diode' are shown ^n figure ZA, configura- 
tions for the enclosure of two diodes in the same envelope are shown -in figure ZB. 



c. Operation , For the diodd^to ape rat e , a filament voltage must be ~app.lied_ 
to heat the cathode to operating temperature and a voltage applied between the catho4e 
, and plate. When these two voltages are applied, rfee electrons will be emitted from* 
the cathode and an electric field will be present between the cathode and plate to a-ct 
-upon the electrons.* If the plate is positive with respect to the cathode, the plate will 
.attract the freed electrons and a current will flow from the cathode to the plate. If 
the plate is negative with respect to the cathode, electrons will be rebelled by t^e.field 
and no current will flow. Thus, we can state a few conclusions about the action of a 
diode: 
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(1) ^Current flrow m a diode occurs when the plate is positive relative to 
- the electron emitter. . > * 

(Z) Current will not flow in a diode when the plate is negative relative * 
to the eiec|ron emitter. / 

(3) A diode can behave like a control valve, automatically allowing or 
blocking curren^flow. . ' * - 

(4) . If two diode systems are combined in a single^enveJope , the action . 

of eacji remains the samte. 

v «■ a 

d. Space charge . To have an accurate concept of the actions Caking place, 
we must study the electron movement very carefully. The maximum values of elec- 
tron emission, plate current, and plate voltage are determined by the actions bf the 
electrons. u ^ — • c 

7 ■ A * > 

(1) Suppose the plate were absent, but the emitter were functioning, wjiat 

, happens to the electrons? An electron use^s most of its surplus ^> 

energy as it overcomes the emitters work function, the electron 

* escapes with a low velocity and remains close to the emitter surface. 

After many electrons have escaped, a cloud of] free electrons, called 

a space charge , exists a short distance from t)ie emitter surface. & 

Because the space charge is composed of electrons, an'electric field 

is set up between the .space charge and the emitter, ^^e emitter is 4 

"positive relative to the e lectron •c^lou^e've^n though it is negative * 

* relative to'the plate. The density of the electron cloud is greatest 

"~ V s o at-poirits .near the 'cathode. The effect oi the electric fie Id. is to re- • 

. D45l elecjgrb^s being freed from the emitter. Electrons which are" 

, <* freed with a yery low velocity are then repelled bac^ into the emitte/T 

For any one tempe rature P pl the cathode , the rate ©^electrons entering 

the cloud will eventually be^equal to the rate oif electrons ejected from 

# the cloud baqk to the cathodel The density of Ithe electrons in the 

• , (5 loud will re'ma-itf con stent." ? The constant density oi the cloud is, t 

termed critical dengjtV jahd the equilibrium , is -ca I Ted' emission 

( saturation . Thus,, weUee that, the "space charge has a controlling 

& mfluenc* upon the emission* 5 ©/ .electrons from!the cathode. M : ' - 

» (2) Now^ let us bring the .positive ly^chargeud ^latte'into its position* • *« 

• . ' 6 * * Immediately, *n e lectricfietd i^ 'established between the plate and 
the space charge (figft 3). Notice ^hat ^ere ajre actually two fields 
present between the plate and cathode. One fijeld is*"frorn the space 
. charge to the cathode, and the second fie-ld is {from -the 'space charge 
to the plate. Actually *then, the plate attracts | e lectrons out of the 
charge 'Which', , in turn, acts as a reservoir for 1 electron's emitted 
from the cathode. If electrons^a re drawn by.tbe plate, the ability* 
of'the sp^ce charge to 'repel elections is reduced and additional 
-eiectr|>ns from the cathbd-e enter the space charge. When electrons 
equal t^ o*ie ma. of current are drawn from tKe space charge by the 
pla|e,rre lectrons ^equal to on^ma. of current willjbe added to the 
spa'ce cfearge'by the emitter. The space charlgeis a very handy 
•thmg^to have^ih the tube 1 ^ Most catnodes are cie/signed to emit a 
great number of electrons. The space charge causes most of the 
electrons, to return to the,' cathode and only the necessary ones are 
u^sed. Howeve.r, a large 'supply ojf free elections is always present # 
< -as a reserve. Werre the space charge absent!, .a low voltage would , 
induct ver^r high currentsan the tube ancf shorten the emitte r. life~ 
Because oi these controls the flow, of current is de-scribed as space r * 
charge limited. 



■ 
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Figure 3. Schematic representation of a diode spa*ce charge and the £-ssocia;ed 
. tflectrid fields. N - I 



t. 



er|c- 



**e. Characteristics . In a dipde (or any other electron tupe) a definite re- 
lationship" exists between each N of the different, variables; *i. e. t the plate yoljage^and 
plate current are interdependent,' the electron Emission and cathode^ temperatu re e 
related. If we. construct a graph' which shows the value*of plate current Cor each value 
of fcUM voltage,) we hive a characteristic curve (tfg. 4). Characteristic curved can 
be drawn £>r £LLl of the various relationships. EacTfi point or$, the curve repr^esenia a 
specific s^et of via lues for plate "current and p/ate voltage. The "c^rve also shows how 
a change in the plate voltage dBpduces a corresponding change in pla/e .current. In 
the 24-40 volt ringe%,the cur vJBp- Almost straight and is te rmea linear , m^anmg^that 
voltage and current are propoKonaUln that rarfge. The c^rve I- 10 volts is not straight 
and is termed nonlinear, the ^rathematical expression of $h;ch^can be^ quue^coir.pl'ex. 
The curve shown has Jbeen* constructed for a particular cathode tempe ratfure I If the 
cathode temperature were changed, the critical density of the space charge would 
change and slightly different conditions .Would exist lr/the ►ube.^ For a different watrrod-e 
^temperature, another curve would have to be drawl*. Tfcie new curve would bend down 
a little faster or a*little slower, depending upon the -direction ot the;change In^mper- 
atuse. If the curves for several different temperatures wer* plotted on the same g? % aph, 
we would have a family of curves (fig. 5). ^ * o ^ % fiC*'."! 

(I) The chc. plate resistance of a diode/ . ' If the diode has a-oontroiling 
influence on the flow of current?there qpust be Some resistance to* 
the current's passa'ge. Tbe r^esista|ace ^of a diode independent upon 
the spacing and size of the electrodes, the condition of the space 
charge, arid the energy dissipated l>y, the electrons iruthe*ir motion. . . £ 
In contrast tq resistors, the resistance of elect rcfrf tube's ££nera*Uy ^ 
is not constant. The c|iode presents ? $n ipf;ntte re^i&tance' toUvirrent^. 
flow in one direction and a variable Resistance to current £ e {ow in. the *>' 
opposite direction.^ The d.c^' plate resistance is ? th'e Opposition pre-* 
sented to the Jlow of cunreitf from^dts. voltage^kcroSs the plate f 
and cathode. The value of the resistance can c: fcut?~ec 



and catnode. "iv*e value oi tne resi^tajftce can t» c: fcul?~ea y 
fromphm's law {K - E/I) fcsmg information taken iroxn C\*-fr. v \:±~ 
teristic curve. Using figure { 6, we ftgd that the et c . 4 r e^starce of 
a typical diode at a plate voltage of Z0 volts is* 5 66 'ohms .5 ( > 



3& 



' if , * 



^ 1: 



'Be 



V 



.9 >.y 



.?> J: 



R = E/I, or: R = 20/. 040 = 500. ohms . 
P P 

Likewise, the d.c. resistance at 28 volts is 422* ohms and at 8 volti 
is 800 ottms. Notice that the resistance changes and depends upon 
the plate voltage, * ' 



CHARACTERISTIC 
CURVE 




Figure 4. Plate -current , plate-voltage characteristics for a typical diode. 

V 



\ 




platc voltage (v) •* ^ 0 

Figure 5. Plate family for a diode. * 
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Figure 



6» Calculation of R from a plate- current, plate-voltage characterise, 

2 P 3 * 



(2)' The. a.c. plate resistance of a_diode . The a.c. plate resistance of 
the diode is defined as the resistance of the path between the cathode 
and plate to the flow of an alternaj|ng current inside the tube. .The 
plate resistance is thfc ratio of a small change in pla*.e voltage *c the 
corresponding change in pla % te current. 

where r p is a.c. plate resistance (ohroa), ^ 
A ep is a small change m.plate volt^e 
(voits), •* 

Ai^ is a small change in plate current (ma), 

The value of rp may be calculated using information from the charac- 
teristic curve as.shown in figure 7. At 20 volts the a.c. plate resis- 
tance is 320 ohms. * , 



A e 
r = -LP 

p a y 



21.6 - 18.4 



.045 



.035 



3.2 
.010 



= 320 



For accurate results,, the small changes should be taken so tnat the 
values evenly bracket ,the desired voltage or current. The'smalier 
the changes used, the more accurate the results (providing, of course, 
the curve values may be read accurately). ~,here is an apDreciable 
difference between a.c. plate resistance ind i. j.ats r^":*>' *: e 
the a.C. value being about half^he d.c. value, ' Such a difference is ♦ 
generally true for all types of vacuum tubes. ^ ' «. 
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Figure 7, Calculation of from a plate- current, plate- v6ltage characteristic? 



\ 

Y ( > 3)\ -'Sta'tic and ^dynamic dioBe'Characteristics . * Up to this pointy we^hay,e 
• beeiv discuss iiyj the dipde itself and' have 'assumed that no load was 
placed in the plate circuit/ such conditions are cajtiTed static . Let 
us now consider a circuit 4s the one shown in figure. 8. Plate cur- 
rent flows through RL to the battery, the voltage drop across Rl 
beings the output of, the tube. The characteristic curves of the tube 
are altered by the 'presence of the load and are now called dynamic 
characteristics ,/ If no load is in the circuit, we have the static 
► characteristic as shown by the line R^ = O in figure 9. If R^ equals 
1', 000 ohms or* 10% 009 ohms, line 1 and line 2, respectively, show 
the dynamic characteristics' of the* 'tube. When the load resistance 
.t»is many time-s larger than the tube.'resistance, the changes .which 
occur in the tube resistance become unimportant in relation to the 
total resistance encountered by the current — the change. o'f tube re- 
sistance is only a sma l ll percentage, of the total resistance* Because 
the load resistance does not change with. changing current, the' charac- 
teristic curve for plate current and plate voltage becomes essentially 
^linear. The. greater the load -resistance, the more linear the dynamic 
characteristic. A linear dynamic 'characteristic is quite desirable 
since proportionality between plate voltage and plate current is . 
assured* ^ ( 
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4. TRIODES. 

Gene ral . TKe.use of radio 'and electronic equipment came of age when 
a'control grid was interposed between the plate and cathode. Lee DeForest first 

• developed the control grid in 1907 4 and he called the new tube with three elements a 
trxode (fig. 10); In a triode, the functions of the emitter and plate elements Remain 
the same as in a diode.' However, the grid gives the tube remarkable versatility 
because the grid allows the triode to control and.amplify the voltages which are im- 
pressed across the cathode and grid. The control grid can stqp electron flow almost 

r completely, or act as a, valve controlling the instantaneous value of the current/ 





Figure 10. Construction of a triode . 

Construction and symbols . The physical makeup of a triode is shown 
in figure lOz A contral grid, constructed as a helical coil of fine wire, is present 
between the cathode and plate; otherwise, the construction is quite similar to "that of 
a diode. Other geometrical arrangements are also used, but the differences are not 
tpo great. A triode is indicated on a schematic diagram by the symbol shown'in 
figure M. ' 

'Plate 




f Heater 
Figure 11. Schematic symboVfor a triode. 



Cathode 



As is the case for diodes, two tnodes may be encased in the same envelope, or a 
diode and a triode may~.be enclosed together. The element assemblies operate inde- 
pendently. / « • 
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c. Voltage supplies ** The triode has several associated circuity sup- 
ply the volumes required to maintain the tube elements at their proper'workii 3 poten- 
tials. Two triode tube types and their associated voltage, supply circuits are shewn 
in figures 12A anA B. The only difference in the two types is thaj in A ihe cat^.oce 
(filament) is heated directly by its connection with battery B, while in figure \ZB a 
separate heater element is utilized. The power source sphere consist oi batteries A. 
B, ^nd C where the A supply is the source that provides current through che r>c:i:s/ 
element of the tube (or cathode);' likewise, the B supply supplies the high- voltago . 
positive, potential to the plate; and the C supply makes the" grid negative re'ative to 
the cathode. The latter relationship is explained in paragraph d. Figures i 3 A ar.,i B 
are schematics illustrating and identifying tfye various voltage supphei, circuit ^.rid 
and extents pertaining to the triode 'tubes. 





Voltage supply circuits for triodes. 




Figure 13. Identification of circuits associated with the triode, 

- d. Electrostatic field In a trjode, The effect of varying thf grid potential* 
and its relationship to the space chargers shown in figure 14, in these diagrams K 
indicates the cathode, P is the plate, C is the grid (the individual wires, are repre- 
sented by the large dots), B depicts the plate power source, and.C the ne gati » e suopl'/ 
to the grid. The tiny dots representthe space charge between the catnode ana tht 
pfate and the' arrows indicate the direction of current flow, •When the cathode of the 
triode reaches its proper, operating voltage, a spjtte charge is created just as in the 
diode. The effect 61 the'grid on this jpace charge'is the controlling influence on 
the current flow. * , - 4 ' 
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(2) 



(1) In figure 14A, the grid is at the same potentiaf as the cathode and 
the electrostatic field is*almost identical to that of the diode. How- 
• " ever, there is a very slight difference since there is a field from 
the space charge to the grid/ just as there is tf field from the space 
• • charge to the cathode. In e ssence 'though, we have not altered the 
operation much from that of a diode. The spaces between adjacent 
wires of the grid allow electrons to-pass through to the plate; how- 
ever, some electrons strike the grid even though there is no force 
attracting thetti. The electrons striking the gria flow'in the grid 
r circuit and 'constitute a grid current: So,, except for the grid cur- 
rent, the action is not much different fromthat of a diode. ^ 

tyoW let us place a negative potential on the grid as shown in figure 
14B. The presence of a negative charge introduces fields orginating 
from the grid^these fields-are shown by the arrows between the plat.; , 
and cathode in the drawing. Consider the effects of the newly intro- 
duced* fields. The electrons of the space charge are repelled away 
from the grid ajnd a.fewer number manage to pass through the grid 
to the plate. -As the grid becomes increasingly negative, the force 
of repulsion becomes greater and eventually a point is reached at 
which no current can flow". . When no current can flow, the tube is 
said to be cutoff. Because the grid is much closer to the space 
charge than the plate, a small voltage change on the grid will have 
a greater effect on the current flow than an identical voltage change , 
on the plate. Or, We might say, a. small change of grid 'voltage can 
produce a large change in electron flow. If a small voltage variation 
appears on the grid it will be represented by a large change in 
current flow . - 

The third possibility for grid voltage is positive. When the grid 
goes positive, which is not done too .frequently in most electronic 
equipment, the fields are distributed as shown in figure 14C; again 
' the arrows indicate fields. Now, the field due to the plate is sub- 
stantially reinforced by the fietd of the grid, A great number of 
■ electrons ^re thus extracted from.the space charge and high current 
flow's through the tub© and also through the grid circuit. Such an 
arrangement allows us relatively little control over the current flow 
and consequently is not generally used. 
(4) From the above discussion, the desirability of a negative charge on 
the grid is evident. The negative potential allows control of tube 
conduction and amplification of signals presente4;to the grid, A 
pictorial representation of the control action is shown in figure 15v 
The curves on the left are grid voltages and, those on the right are 
the corresponding plate currents. The numbers such as 3 and 3* 
represent identical instants of time in the two circuits. Notice 
that an alternating voltage on the grid (fig. 15C) does not produce 
an alternating plate current. Instead, the plate current (fig. 15D) 
is a varying direct current. • The plate current may also be thought 
of as the sum of a steady direct current, the current flowing when 
grid voltage is zero," and an alternating current caused by the 
changing grid voltage. The plate current, as in the diode, £an 
never go negative . Observe also that although the grid voltage may 
*'* vary slowly or quite rapidly, the plate voltajge will vary accordingly. 
For the most part, the waveform of the plate current will be the same 
as that of the grid voltage— the variations which do e£is| will be dis- 
cussed later. Since a positive .grid is undesirable and a varying 
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signal might drive the grid positive, a bias voltage is added to the 
grid as shown in figure 16, If the maximum positive amplitude of 
a, sine wave is 3 volts, then a bias voltage of - 3- volts will keep the 
grid negative* The bias voltage adds, to the signal and causes the 
grid to vary between -6 volts and 0 volts. Usually the bias will*be 
somewhat larger than the greatest expected positive peak to allow 
the tube to operate on the linear portion of its characteristic. This 
characteristic will be explained next. 
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Figure 15, Grid voltage and plate current waveforms for a triode; 
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Figure 16, Use of bias voltage with a triode. 
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e , ' Characteristic curves for the tsiode : The relations between th^ Various 
voltages applied to the cathode and the effects produced are quite impOTtatit. \Since 
the interdependence of .the variables generally cannot be expressed by dimple equa- 
tions, characteristic curves are used to portray the variations'. Tubei* are also de- 
scribed by certain cdnstants. An understanding of the characteristic curves aivi tube- 
constants. is required for later study Qf tube applications/ Before studying the tube 
parameters, you must be familiar with the notation used to indicate the various 
voltages and currents', sftudy figure 17 carefully. Generally, the capital letters £ e 
and I are used for average values while the small letters e and 1 are used for instan- 
taneous values. The subscripts denote a particular cir^iit or element. . 




Figure 17. Nomenclature of triode circuits.- 

'* ' * * * 

(1) Static plate-current, grid- voltage characteristic. The arrange :> 
ment of elements in a triode causes three basic factors to influence 
the flow of plate current: emitter temperature, control- grid voltage, 
^nd plate voltage. The emitter temperature wvll.be disregarded 
because we assume ifcat the emitter is operated.at its proper tecn- 
9 perature. We are 'left with three variables: grid voltage, plate 
: voltage, and plate current. The interdependence of these variables 
may be shown'as characteristic curves< Figure 18 shows the >> 
plate-current, grid-voltage characteristics of a typical trfode v 
Notice that as the grid becomes increasingly positive, the plate - 
'current increases but only up to a limit at which the curve levels 
' 6Tf. The limit, at A, is called the plate-current saturation point . , 
Plate-current saturation occurs when the plate is drawing electrons 
as fast as the emitter can produce tfiem. Tungsten filaments allow - 
plate-current- saturation; howeve r, oxide-coated filaments produce 
such copious^electron emission that the plate netfer does collect 
all the electrons even at high grid voltages. The characteristic 
curve*' starts to drop again at high grid voltages because secondary 
"emission begins to take place at the plate; also, electrons begin to 
/-be attracted to the positive grid. - «The point <£\ which the^grid'vol- 
"tage completely stops all plate current is called cut off , which, in 
figure 18. occurs a£-6 volts. A family, called the grid family, of 
* plate-current, grid-volta V ge curves is shown in figure 19. Ttffe . ^ 

family of curves provides a great deal^more information about tube 
\ operation then an individual curve. The positive region of -grid . 
voltiges- has been eliminated because grids are usually biased to 
assure lie Native operation. All of the curves have the same general 
. snipe, but each has a different cutoff point. Observe that increasing 
flie, plate vojtage increases the negative grid voltage required to 
r ' rekch cutoff. * ^ f * * 
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Figure 18. ^ typical static plate - cur rent, grid- voltage characteristic curve for a 
& triode. 4 i * 

(^) Static platen-current, plate-voltage characteristics . Another im- 
* portant family of curves, the plate family, for the triode is com- 

, pos-ed of the plate-current, folate -voltage curves. Figure. 20 shows' 
such -a set of curv^s^for the 6J5 triode/ The, grid family and the - 
plate fafmily display the same information^ut in slightly different 
• ' • forms. While the grid family shows plate current for small changes 

of grid voltage and fixed changes of plate voltage! the plate family 
* ^ shows the effects of smajl changes^of plate voltage and fixed chang * 

* of grid voltage. ' 

J- Tub« constants . Both families of. characteristic Curves may be Used to 



;es 



determine 
factor, a. 



tube constants. Three primary tube constants are used; amplification 
c, plate resistance, and transconductance • 

U) Amplification factor , «The ratio of change in plate voltage to change^ 

of control ^rid voltage while plate current remains unchanged is 
a » known as the amplification factor. .We may write the mathematical 
expres sion as 

.constant' where 



\ 



amplification factor 

* (a nurrYber without 
units) 

=- change in plate 

^ voltage * ■ *® 

Ae^ = change in grid 
voltage 

' l = plate current., 



The amplification factor can be Tfound easily on the grid family x>£ 
figure 19. Let us find -the amplification factor when the grid is 
operating near -8 volts. A 50-volt change of-plate voltage (from 
D to C in fig- 1?) is produced'by a 2.6-volt change of grid voltage' 
(from B'to C in fig.M9). Care must be taken that the line BC 
represents constant plate current. The amplification factor* is 19.2 

v . OS 98. 6-P17 
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4e - • 

b , u «' 50' = 19- 2 



^Se 2.6 



c / 



Each change of grid voltage produced a change of plate voftage ft. 2 
times larger* Remember t^.at the changes are important, noFthe 
absolute values,' The value of u will be slightly different for different 
values of the constant plate turrent. The value of u can be found 4 
from a plate family graph m a similar way, taking care that a change 
of plate current is not included. ^ ^ , n 

Plate resistance . Bpth d.c. plate resistance and a.c. plate resis- 
tance for a triode are dehned identically as for a diode but with the 
additional^ restriction that the grid voltage must remain constant. 
Using the curve for any, constant grid voltage'in the plate family, 1 
you may, find the d.c. resistance and the a.c. resistance in the 
same "fnanner as for the diode. « 

Transconductance . Changing the plate voltage or the grid voltage '\ ° 
qr both causes changes inj>late current. Transconductance, also , . 
called* mutual conductance , expressesthe relationship between <■ 
plate current and grid voltage. By definition: „ * 

ff c f , e. constant- ' where g = transconductance 



c 



(mhos') 



^,i^ = change in plate 
. # current (ampsX 

= change in grid 
C voltage (vdts) 
. t e, = plate voltage* 

- • - - • - - r- - , - 

Given a quantitative interpretation, transconductance is the ampere- 
change in plate current per^ volt-change in grid voltage. The unit of 
..transconductance 'is 1 the mho (ohm spelle4 backwards). Because the 
mho is a -large unit, the* umho, 1 x 10^6 mho, is^commbnly used. ' , 
Either family of curves may be used to find the value of^tTanscon- .« 
ductance for a tube.. Using the plate, family in figure 20, we will 
find the trans^ondtictance for a constant plate voltage of 200 volts. 
Lettne grid voltage change from -4 volts to -6 volts, thjs corre- ■ 
sponding change in plate current (remember plate vottage^must 

.remain at 200 volts) will be from 13 ma to 7.7 ma. We then have 

■ * * 

i - ♦ 

^1 » 

= > • b , . . g = .0130 . 0077 = .0053 = ,00265 mho 

* m " Ae~ m .6-4 " ~T~ 

' c 



* .or^ 2, & j0 umj 

The tranicorfductance of a* tube is an important Jtube constant and is- 
commonly us?4 for comparing tubes. A fube with a transccjnductance 
of 2, 50Q is a better tube than one with a ftransconductanc~e : of 1, 500*. 
the higher trartsconductance tube will ^rvj? a greater signal/ output 
from affvidentical input tcf the grid. 
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PLATE VOLTAGE (V) 

Figure 20. Plate family for a* 6J5 t node.. 

*{4) Relation between tube constants . Th^three tube constants which- 
we have been discussing are interrelated and various expressions 
may be' derived by combining the* equations given. The nature of 
these relationships is shown in figure 21. Notice the constancy 
ofli and the nearly inverse relation between g m and r^. The oper- 
* * ating voltage applied to a tube will determine the precise values of 
each of the constants. 

Dynamic rtiaract eristics . If a tubJ is to be useful, it must have ?. load 
\n its plate circuit as shown in figure 22. 'The presence of a plate load alters v :he 
static characteristic curves causing new dynamic characteristic curves. Because . 
of the load, there are two voltage drops in the plate circuit: one across the load, 
and one across the internal resistance of the tube. The sum of these two drops must 
always equal the value the B suppiy. Wtoen current is flowing a portion of the B 
suppty appears across the load, and the plate voltage is reduced. 

(1) Loadline. * The effect of the load can be predicted by using a load- 
Une,with the static characteristic for the plate family. L<H us con- 
. ' sider a 25,000-ohm load in. the plate circuit and a 350-vott B supply 

(fi g# 23). At ze'ro plate current, no voltage appears across tlie load, 
and the plate voltage is 350 volts'- 0 ma.; thus, 350 yotts is one 
point (y) on our loadline. The maximum current through the plate 
circuit :.s found by Ohm's law, I = E/R; I = 3'50/25,0Q0 = 0.014 
14 ma. ; so, 14 ma. and zero volts lfr the second point vX, :a 
line. Connecting the two points establishes our loadjme; all "'ariatic 
of current and voltage in the tube, will' occur along this line. Ih$ 
point on the loadline at which the gridfis biased is known as the 
operating point. 
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"igure 21. Variation of tube constants for the 6J5 triode. 
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Figure 22. Triode, with a load in tije plate c 
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*3, Construction of the loadline for a 6J5 triode and a 25,000-ohm load, 

(2) Dynamic transfer characteristic . The loadline *can now be used to 
construct the dynamic characteristic curves of the grid family td 
show the tube performance with a load in the plate circuit. Figure 
24 shows how points along the, loadline are transferred to their 
corresponding location on grid-voltage and plate -cur rent coordi- 
nates. For example, point N is 8,9 ma, -2 volts grid voltage, and 
130 volts plate voltage, while point N' is also' located at 8,9 ma, 
• 2 volts grid voltage, and 130 volts plate voltage. By using several 
Afferent loads and their corresponding loadline s, a grid family 
dynamic transfer characteristic curves may be constructed as 
•wn in figure 25, Notice^that the dynamic transfer characteristic 
•es are much less steep than the static characteristic curves; 
ver, the dynamic curves are more linear. As the value of the 

ncreases, tjie curves become less steep and more linear. 
*> «* 
ie amplifiers . We have talked earlier about how the triode * 

n. Now we can study the process more closely by using 
ctejistic for a particular load. Let the 'characteristic 
t the operating conditions for a triode and a particular 
'overned by the bias voltage, has been selected so that 
put voltage will occur on' the linear portion of the 
»lfy to see hew the plate -current v. iveform reproduces 
e output voltage can now be^calculated from ir\e plate 
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Figure 24. Use of the Loadline to construct a dynarriic transfer characteristic of the* 
6J5 triode • . * 1 „ . 
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Figure 25. Grid family of dynamic transfer characteristics for the 6J5 triode and 
several different loads. 
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Figure 26. Use of the dynamic transfer characteristics to predict plate-current 
waveform from grid-voltage waveform. 

5 MULTISLECTRODE TUBES. Since the principles you have learned up to 
this point are common to multielectrode tubes , .our discuss ion We will be- limited to 
the effects of additional tube elements arid the end results of their addition. 

a. Screen grid . The Screen grid is constructed similar to the control grid 
■and is' plTced between the control grid and the plate; the resulting tube is called a . , 
tetrode. A positive voltage, less though than that of the plate, is placed upon the 
screen grid. The location of the screen grid reduces the amount of capacitance waieh 
is present between the plate and the control grid. Presence of such capacitance allow, 
a path for high frequency signal to leak from the plate back to the grid. A typical 
plate family for the tetrode is shown in figure 27. The irregularity of the curves w:ll 
not be explained here. The tetrode, because of the limbed region of linear operation, 
high voltage requirements, and secondary emission a* the plate, is nearly obsolete 
today. 

b. Suppressor grid. By adding another grid between ih* icresr. trid and . 
the plate7we have a pentode (fig. 28) which obviates most of, the difficult, -i w.* 
tetrode and produces an extremely use'ful tube. The new grid is called the a-.i ? preasor 
grid and,has as its function the reduction of secondary emission at the plate. A tow 
n^Itive.voltage is placed on the suppressor (G3) or it is connected to the cathode; 
electrons which have been accelerated by the control grided) and screen 5 rie 
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easily pats through the suppressor grid, but low speed electrons from secondary 
.emission are, repealled back into the plate. A plate family of characte ristic j^rves 
for a 6SJ7, a common pentode, is,*sh£wn in figure 29. In general, the a.c* Resistance 
xriay be several hundred times greater than for a triode, the amplification factor may 
also be as much as one hundred times g.reater than for a triode, transcoriductances of 
pentodes and triodes are comparable. The pentode is 'one of the most widely used 
Jtubes today. , 
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Figure 27. .Plate faniily for-a 24A tetrode. 




Figure 2,8. Nomenclature of a typicaTpentode circuit. 
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i' _ O'Figure 29. Plate family for a 6SJ7 pentode. 

"EXERCISE ' 1 

ll'l. An electron tube can be best compared to a a 



a. ^resistor. 

b. switch. 

c. valve. 



112. The most common method of producing a stream of electron* in a vacuunvtube is the 



a. . cold- cathode emission method, 
'b. ( secondary emission method, 
c. 'thermionic emission method. 



113. The diode vacuum tube would be found in which circuit? 



a. Rectifier 

b. Oscillator . ^ 

c. Mixer 



114. What \s K the main purpose of the screen grid? 

>a. ■ Increase amplification factor * 
• b. Decrease secondary emission \ 
c. Decrease plate to control grid capacitance 

1 lis. The formula for alternating circuit plate resistance is ^ 

a. r-v - T*^ 



R " Aib" 
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1,16. What causes secondary emission? * * u 

a. m Application of heat . ' . 1 . 

b. Cold cathode, ionization action ' 

c. Electron collision > 

** • * 

llY". What quantities'are required to, plot a family o<f plate current- plate* voltage (plate 
* 'family) curves for a triode? »' ^ *i 

a. Grid resistance, grid voltage, and plate current . , . 
. b. Plate voltage, plate current, and gria 1 voltage < 
c. Plat'e resistance, grid voltage, and plate current. * 

118.. Which is the schematic diagram of a diode vacuum tube? 



c. 




119*. If a triode with a -6, volt bias receives a sine wave on its grid thatdooks like this^ 



>,the grid voltage will vary between 



a. -6 and - 1, 
1 b. -land -11. 



c. 0 and -11. 
120. ^low many grids are^contained in a pentode tube? 

a . 3 - * * 

b. 4 

c. 5 

1*21. When referring to a vacuum tube circuit the symbol^e 1 ' means 



a. battery potential, v 

b. external voltage. i 

c. instantaneous voltage. ' ' 

122. Current will flow through a diode when the plate 

* * * 

a. / potential is fequal to the cathode. 

is positive compared to the cathode, 
is negative compared' to the cathode. 
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123, The operating pointf on the loadline is the ot£nt«of$ 



124. 



a. ' grid bias voltage. * - V • 

b. grid input voltage; . - , , 

c . " plate^ supply voltage . ' * v If' * '* 

What pentode tiibe component reduces the effect of .secondary e^issjon % e 9 

. a* Control grid 

b. Screen grid 

c. Supressor grid ' 



125. 



What element in a tube permits certain vacuum tubes tiTe-O^r^oUaSuc *r>V5l:£y /clc^o 

a. Cathode • TT ♦ , , Q ^ • 

b v Control grid «T e ^ 
c. Filament • ^ ^ " 



126. What value' of grid voltage reduces plate current ro zerof? 

' ' - * *V h ' 

.a. Zero * ^ » v ^ ^ • ^ 4 

b.^ Negative 5*volts* * . . * . 

» * / * v ' - ■ - 

% c. Cutpff , * * • 

127. To determine the loadline for a vacuum tube you would need a sjet of ^staric curve.- 
for the tube type, the value of the load resistor, and 'the "'.*'- 



a. grid bias voltage. b • ' ** 

b. plate resistance.' , s > \ • 

c. plate supply vojfajge.- 1 * * 

123. The symbol for transconductance is gm; its unit, -of measurers 



s 



a. mhos. 

b. farads. 

c. ohrris. , 



129. 



What is the approximate difference in values between the alternating ;urrti^t piaj: 
resistance and the direct current plate resistance^ 



at 3/4 

b. 2/3 

c. i/2 



130, 



When the 'diode load resistance is increased, the dynamic^ characteristic becomes 



more 



a; erratic, 
b* linear.^ 
c*. nonlinear. 



13J. A vacuum tube with which value of transconductance would' give the greatest 3 
output for equal input signals? 0 * s 




a. 4/ 500 
•b. ' 3, 000 
c. 2,000 r 
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132. Vhich tw* vacuum tube constants have a "nearly inverse relattdnsHip to each other 

# a.' gm and rp * 

b. rp and u 

c. u and gm 

, ♦ "■ 

133. If the\ vacuum tube in a circuit is completely cut off (nonconducting), the voltage 
measured from the plate to ground wiuld be 

a. Ebb - ec. 

b. Ebb.-. " . ' 

<c. Ebb - Ecc. . • 1 * ' v 

-» > • 

134. What is defined <as the ratio of plate voltage change to control grid voltage change 
while plate current remains unchanged 0 m ✓ 

a. Amplification factor ^ 

b. Plate resistance 

c. Mutual conductance x » 

135. The space^charge density in a dio4e vacuum tub'e/is^eTtest near the 

a. cathode. " 

* b. , getter. * # 
c. base. 



, 3* , 
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^ ' LESSON ASSIGNMENT SHEET 

Ordnance Subcourse No 98 ^ Fundamentals of Electricity 

.Lesson'?. . . * . Operation and Characteristics 'of Transistors 

Credit Hours .<> ...... . . , . . . Tnree 

Lesson Objective . After 'studying this lesson you will-be able to: 

" — : — " 9 

1. Describe the construction and operation 
- of transistors. - o 

2. Describe the characteristics of transistors 
v . "* and their comparison with vacuum tubes. 

* ' 3. Describe the construction of graphs used 

to determine the characterises of trans- 
istor^. 

4. . Describe procedures'used in testing and 
replacement of transistors. 

Text Attached Memorandum 

Materials Required . ^ None 

Suggestions None 

STUDY GUIDE AND ATTACHED MEMORANDUM * 

' 1 " \ . g 

* I. INTRODUCTION. » " 

^ \ 

a. General s The use of transistors in electronic equipment increases with each 
passing d~ay. They are rapidly replacing electron (vacuum) tubes in both commercial and 
military equipment. # , * , - * „ 

b. Fundamentals . Fundamentally, the transistor is a valve which controls the 
flow of current carriers (electrical charges in motion) through the semiconductor- crystal 

* material of which it is made. As the current carriers pass through^ttie transistor they are 
controlled as easily as if the same current carriers were passing through an electron tube 
(which the British actually call a valve). The transistor's ability to control current carriers 
• anc? their associated voltages makes it potentially the most useful sin^e element in modern 
electronic equipment. 

2. ' HISTORY. 

a. Crystal rectifier . The first use of a crystal semiconductor as a rectifi 
(detector! was in the early days of radi,p. A crystal was clamped in a small cup or r 
tacle and a flexible wire (cat-whisker][ made light contact with the crystal. Tuning of th 

m ( OS 98, 
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* receiver^ was accomplished by operating the adjusting arm until tl>e cat-whisker was poti- 
*' tione^ToiTa' spot of the crystal that resulted in 'sound being received in a set of ear phones 
Turfing a variable capacitor provided maximum signal although frequent adjustment of th.j 
cat-whisker contact point was usually necessary, 

* b. Point contact diode (fig* 1) . Point contact diodes (germanium rectifies) v.\r. 

used during World War II for radar and other high frequency applications replacing elects* 
tube diodes. The point contact diode has a very low snunt capacitance and deer net requir 
heater power; these properties provide a definite advantage over the electron tutSjdicdt. '-- 
is identical in principle with the crystal rectifier mentioned previously and consist* ft 
semiconductor, a metal base, and a metallic point contact. The connections tj the poi.it 
contact diode are an external lead welded to the metallic point contact, and a:i e«to: nai lw-. - 
welded to the metal base. 

> c. Point contact transistor (fig* 2) .' The development of the point contact trar...- 

istor was announced in 1948. The physical construction is similar' to that of the point 'con- 
tact diode except that there is an additional lead with a metallic point cgfctact on .the Sc.t/- 
conductor. One lead is called an emitter lead, the other a collector le.ad. When 'the two 
metallic points are properly biased with respect to the metal base, the point contact trans- 
istor is capable of producing a power gain. 

d. Junction diode (fig. 3) . The development of the junction diode* was announced 
in 1949. It consists of a junction between two dissimilar sections of semiconductor mate- 
rial, one section of which, because of its characteristics, is called a P-type semiconductor'. 
The connections consist of a lead to the P-type semiconductor and a lead to the N'-tpe 
semiconductor. The junction diode handles larger amounts of power than the point contact 
diode, but it also has a larger shunt capacitance. * 't 

, e . Junction transistor (fig. 4) . The development of the junction transistor was 
announced concurrently with the development of the junction diode. The transistor consists 
of two PN junctions and its operation is similar to that of the pqjnt contacts ran sis tor. The 
junction .transistor permits more accurate prediction of circuit performance, has a lower 
signal-to-noise ratio, and is capable of handling more power than the point contact trar.s- 
istox. 

«3. TRANSISTOR FUNCTIONS. 

t a. Amplification . The transistor may be used as a current, voltage, or power 

^ amplifier. For instance, a stronger signal current may be obtained from a* transistor than 
is fed into it. A signal of 1 milliampere. fed into the rnput circuit of the transistor may 
appear as 20 milliarnperes at its output. Various circuit arrangements provide for various 
amounts of signal amplification. . 

b. Oscillation . The transistor may be Used to convert direct-current energy into 
alternating current; i. el, itj&a^y ^ e used as an oscillator. When functioning in this manner 
the transistor draws energy from ad. c. source and, ' in .conjunction with a suitable circuit 
arrangement, generates, an a. c. voltage. 

c. Modulation and demodulation * TJve transistor used in various circuit arrange- 
ments; can -provide amplitude modulation (variation in amplitude of an AF signal) or fre- 

- quency modulation (variation in frequency of an RF signal), demodulation (detection) c: 
. * amplitude- modulated or frequency-modulated signals may be accomplished with transistors . 

\ ^ •> These circuits are well suited for miniature'transrnitters intendfd for "short range applica- 

tions. „ ' > 1 

' ^d. Miscellaneous . The transistor^may aJLso be used, to modify the shape of signal 

waveforms. Waveform shaping is vital in various types of radar, teletypewriter, computer, 

, * and television circuits. The us e^pf transistors increases the payloads of today's guided 

missiles and satellites because they permit smaller and lighter circuitry. 
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figure 1. Physical construction of point contact diode. 



SEMICONDUCTOR 




EMITTER LEAD 
COLLECTOR LEAD ' 



figure Physical construction of point contact jransistorf 
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Figure 3- 'Physical construction of junction diode.' 
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P*TYP£ ' SCMICONOVC^OR p:TYPC 
SCMICONQUCTOR ./ ' SEMICONDUCTOR' 




A. PNP ^UNCTION TRANSISTOR 



• P-TYPE 

* semiconductor 
nvtype v ' 
semiconductor 



/ N-TYPE 
/ SEMlffgfeflUCIfi^ 




' * LEAD 



COLLECTOR 
LEAD 



B. W»N JUNCTION TRANSISTOR 



/■• • • ; 



Figure 4. Physical construction of PNP and NPN junction transistors. 

COMPARISON WITH ELECTRON TUBES. ' * v 

5 . . Y ' "* * ' * 

a/ Efficiency aiidVoltafle requirements . The transistor power efficiency 

is greate7 than that of-the electron tube because the transistor daes not require 7 
warmup time, and it'does not require a large d.c. voltage to operate. ■ Other < ^ 
advantages of the transistor* are its useful life\ its. noise level, and its sdze^and •* 
ctffnstruction; . - * - & j 

b." 1 Useful, lUe, Life expeotancy-is a very important consideration in the 
^application of any electronic device. A transfer that is hermetically sealed in 
glass or metals will withstand 4 variety o£ situations that an electron, tube cannot 
withstand'.. ' For example, a transistor, ^Ven thou^i it is immersed in water will / , 
operate for long periods of time with very little noticeable effect on its operating 
frequiircy.. It also wfll withstand centrifugal fore/ gravity, ana 1 impact tests that 
would completely shatter af-elofctron tube.® Although transistors are a comparatively 
new development >n<J complete* data-on their l&e expectancy are no^yet availably, it 
has been estimated tha.t they can-operate contiguously for approximately 8 years', a 
time '£*uch greater than, the lifejofthe average-electron tube. ' ^ • ^ £ 

. ' J c. Noise>level . The" noise lev^o'f! £ transistor is approximately 20db 
' (decibleslwith a frequency input of 1, 00^' cycles pej*. second. In comparison, the £/ 
average election tube has a lower noise level for the sayme frequtTScy input;3 When a * , 
transistor is use*d with a higher frequency inpuf, the^oisi levePbecomes considerably 
lower. * M ' '* « , 'i . V 

V . > d. Size and'eonstruction , power amplifier electron tubers showh in % 
figure 5AT and a power amplifier transistor is shown in* figure 5B. Tit? con/trjictidri 
of-the electron tube permits efficient dissipation of heat.' Although the transistor 
must, also dissipate -heat, 'hhe size is noticeably smaller. The flange-typ^e construc- 
tion of the transistor cover provides heat dissipation. ,In s^rrie cases a .special 
metallic heat dissipator must be used. A medium poiver electron tube and Jumedium 
power transisffir are shown respectively in C and D, figure 5. Note that U>e.con- ^ 
struction of* the electron tube is much larger than that of the transistor. A*miniature' 

Sctron tube a*nd a miniature. transistor are shown in E and F of figure 5. The con- 
uction of the electron tubers again much larger than the* transistor.. Notice that ft 
the power transistor (fig. 5B) is smaller than the miniature electron tube (fig. 5E). 



e. ( Special circuit 'components for use with transistors . The lower current 
and voltage requirements of transistors simplify the problems encountered in 
miniaturization of components. Transformers, capacitors, and resistor srnay be 
miniaturized as shown in the right column of figure 6- The use of printed circuit 
board (not shown) eliminates all connecting wires and helps make transistor circuits 
more compact* 



ELECTRON-USE TRANSISTOR 
CIRCUIT PARTS CIRCUIT PARTS 
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A. 'Transformers 




B. .Capacitors 




C. RESISTORS 



Figure 6. Circuit components used with transistors and electron tubes. 

5, TRANSISTOR MATERIAL. 

a ; Semiconductor s. * The secret to the almost magic operation of 
transistors lies in the crystal materiarfrom which they are made- The crystals 0 are 
called semiconductors because they, have a higher resistance than ordinary conductors 
' like copper or aluminum, and a* lower resistance than ordinary insulators like rubber 
or plastic/ The resistance of the crystal, material is^somewhere between that of the 
conductor an<Un*ulator ; thus, transistors are called -semiconductor devices. . 
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b. Pr ocessing . * Special semiconductor crystal materials such as germanium 
anji silicon are used in transistors. Before use, the materials are specially refined 
into as pure a state as possible, then,, the pure crystal is carefully contaminated by 
the addition of selected elements to give it the desired characteristics. 

c . N-type semiconductors. 

(1> A crystal becomes an N-type during the treating process after being 
refined/ In this process, an element such as phosphorous or 
arsenic is mixed^into the germanium or silicon crystal. 'These 
elements are called N-type impurities because they gwe the crystals 
a majority of negative charges. 

(2) Figure 7 shows a magnified view of an emitter 'crystal, removed 
from an Nf>N transistor. You can see that the crystal contains 
several plus and minus signs representing electrical charges. It's 
easy to see that there are more negative charges than positive 
charges. FoT-Jthat reason crystals of this type are called N-type, 
the N, of 'courBeKmeaning negative. 



A7 ,' Emitter i>> ^ W ' fflW . •JS'mk&f" WTWm 






FlguTe?, Looking inside the emitter crystal. 

d. V -type semiconductors. 

Yuu.Kitow tnat irnpurmes are used to charge J^-type crystals, 
* the *atne thin^ is true for P-type crystals and the impurities 
needed are elements that give the crystals positive charges. 
P type impuntieS arc. ^a^aily aluminum or iadium. t 



The 



(2) ^Taking the base section from the transistor and magnifying it 
' (fig. 8) shows that th* base crystal also'has negative charges. But 
you can see that the base charges are different thap those in the 
. emitter for the tase has a majority of positive charges and a; 
minority <pf negative charges. Therefore, the* base crystal is a 
P-type, the P, of course; standing for positive. . ] 



PS 98, 7-P7 



Figure 8. Looking inside the BASE crystal. 

e. Two main types of transistors . 

(1) The crystal combination we have been discussing so far is called 
an NPN transistor because it consists of a P-type crystal sand- 
* wiched between two N-type crystals (fig. 9A). . « 

* (2) -Th^re is another crystal arrangement used in transistors consisting 
of an N-type crystal sandwiched between two P-type crystals. 
It is termed the PNP transistor* (fig. 9B)"and has a majority of 
negative charges in the base section and a majority of positive 
charges in the emitter and collector crystals. - - 




Figure^ 9. Looking at the NPN transistor. 

k. ELECTRICAL CHARGES INSIDE A SEMICONDUCTOR. 

a*. Negative and positive charges . The charges you'have s^en in the 
preceding" types of transistors have other names beside negative and positive. They 
are commonly called electrons and holes; electrons are the negative charges, and 
holes are the positive charges. ' $ 

<* j 
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1 hi. Holes . 1 The idea of considering a "hole as a positive charge may seem 
very strange if you' haven ! t heard it before. But the idea is reasonable if you consider 
a negative charge as something that ha£ many electrons* and a positive charge as 
something that is lacking electrons. You always have thought of an electron as a 
negative charge. Now the engineers want us to think of a positive charge as a space 
that is missing an electron. This space then, because it is missing an electron, is 
called a hole. 

7. ELECTRON-HOLE MOVEMENT. 

a.. . General . To, simplify your understanding of the electron-hole structure 
of transistors, think of the 'transistor as a three- section egg crate; figure 10 
illustrates this comparison. In figure 10A you see an NPN transistor and the three - 
section egg crate. Consider the eggs ^as electrons (N-type charges) and the empty 
spaces as holes (P-type charges). Notice that the two N-type sections have -a Tot of 
eggs (electrons), but very few holes. Jite P-type section in the middle is just the 
opposite, it has many holes but very few electrons. 

. " « ■ ' ' <s 



/20 
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Figure 10. Comparing a transistor with an .egg crate* 

b. Movement of charges . Now if someone takes several eggs from the 
N-sectioiT(emitter) and-places them'in the P-section (base) as in figure 10B, what 
happens? Well, as you can see in figure 10C, moving the eggs from emitter to base 
has increased the number of holes in the emitter and reduced the number of holes in 
the bas*e. So, in effect, what has happened is this: 

(1) Electrons have moved from emitter to base* 

(2) Holes have moved from base to emitter. 

c. Purpose *. The purpose of this comparison is to make sure you realize 
that holeTand electrons move in a transistor irr opposite directipns. In the explana- 
tions that follow keep the egg crate idea ih mind and it will be easier to see how the 
holes and electrons move. 
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8. ELECTRON AND HOLE MOVEMENT IN A -SINGLE CRYSTAL. 

a. Repulsion and attraction/ The old law oi like charges repelling each 
other an<Topposite charges attracting each other applies to electrons and holes. 
Figure HA shows how electrons and holes obey this law when a battery is connected 
across an N-type transistor crystal. Remember that the single crystal is like one 
section of the egg crate. ' , . 

Figure 1 IB shows that electrons (negative charges) are attracted>to 
the positive terminal and flow into the battery. 

For every electron that lekves the crystal, another 'electron enters 
from the negative terminal of the battery (fig. 11C). 

Each electron that goes into the batVery leaves a hole (positive 
charge) behind it (fig. 11D). The holes left behind and all other 
holes in the crystal are attracted to the negative terminal. . These 
holes do not flow into the battery — they move only inside the crystal . 

- (4) As the holes arrive (fig. HE) they are refilLed by electrons coming 
* into the crystal from the negative terminal. In other \*ords, for 
every electron that leaves the crystal, another electron enters the 
hole left behind. The total number of electrons flowing determines 
the amount of current flow. 



(2) 



(3) 





© 1 <&<s:j j 1 [®<D 1 




@ /<S<g)<g)| | | |@<B<i><3 



^ ._MBB 

I ■ I «/WVJ 



Figure 11. How charges^move in single crystal. 



9 

.ERIC 



OS 98, 7-PiO 



129 



b. Reversing the battery . . . * 

(U Reversing the battery as in figure 12 reverses the direction of 
movement of holes, and electrons in the crystal. . The electrons, 
of course, still move toward-t^e positive terminal, and holes move 
toward the negative terminal. * 

(2) Reversing the battery, however, does not have any effect on the f 
amo.unt of current flowing in the circuit. This is a very important 
point in your study of transistors. Remember if you reverse, the 
voltage connected»Sk:ross a single semiconductor crystal, the amount 
of current flowing does not change . It is only when you use two or 
more crystals together that you get a current-controlling effect. 




Figure Reversing battery. • 
9.' RELATIONSHIP OF TRANSISTORS AND DIODES- . 

i 

a. As you know a transistor has three semiconductor elements: emitter, 
base, and collector. All transistors have the sanrfe three elements whether they 1 
are NPN-type or PNP-type. To see just how thes* semiconductor elements control 
current, we'll cut the transistor in half and consider the action of each half separately, 
TJien we'll bring the two halves together again and apply what we have learned to the 
complete transistor. 

b v Figure 13 shows an NPN transistor cut in half. Each half forms a 

crystal diode. In other words, each half can control current jus.t like a dio^de tube. 

Notice Jhat each diode section consists of an N«:type and P-type crystkl. You know 

that the N-type his a negative majority charge (more electrons) and the'P-type has a 

positive majority charge (more holes). It's this difference in majority charges that 

makes a crystal diode act as a oneway current device. Connecting aoattery across 

each crystal diode shows the current controlling action. 
* . / 

10. BIAS. 

a. General . Connecting a battery across a diode one way causes the 
current to flow easily; reversing the battery connection makes the diode act like an 
open circuit to current flow. The two ways you Can connect a battery .across a 
crystal diodevare referred to as forward and reverse bias, respectively.' „ • 

b. * Forward bias (fig. 13A) ., Connect the negative battery terminal to the 
N-crystal and the positive-terminal to the P -crystal \ this makes the diode act like a • 
short' circuit allowing high current flow. . , 
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e bi'as-tfig. 13B^ ..Connect the;negatiye battery terminal to the 
isitive terminal to' thd.NV crystal*. , This makes* the diode act Iik~e # 
an open circuit resulting in sojittle current £lpw_that the arnount is considered to b'e 
zero. • ' ■ ' - * * " 



-"C* Reverse 
P-crystal and the po 



— i » 




.FORWARD BfAS 



reverse bias 



A. 



B. 



.11. 



. , , Figure 1,3. Showing two diode sections of a transistor. 
MOVEMENT OF CHARGES IN A DIODE. _/ 



• a. General . When a battery is connected to a diode the charge 'movement 
obeys xhe~law of attraction and repu&ion. *Electrons r inaide the crystal are repelled 
from tjie negative voltage terminal and attracted to the positive voltage terminal. _ * 
Holes inside the crystal are repelled from the positive vbltage terminal and attracted 
to the negative voltage terminal. 

\ * b. Forward biased diodes <fig, U) ..- The negative voltage pushes electrons 
in the N-area toward the P-area and the positive voltage pushe s holes in the P-area 
toward the N-area. Because of v the force applied by the^voltage source fhe electrons 
and holes-penetrate the junction between the two crystals. Electrons getting through to 
the P-ar k ea are quickly attracted to* the positive voltage an£ move through the, conductor 
to the battery. Every electron that moves out of the crystal leaves a hole behind; i 
the positive voltage then pushes these holes into the N-area. Thelioles getting into 
the N-are* are attracted to the negative voltage; electrons from the battery fill these 
holes arriving at the negative voltage, side. Notice that for every electron leaving 
the crystal, another one-moves into the crystal.' Also notice that the movement of 
charges which make up the current flow consists of majority charges — not minority 
'charges , t * 
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MANY ELECTRONS - 
INTCH CRYSTAL 



" MANY CHARGES HfiOVE 'ACROS6 JUNCTION 



. MANY ELE^RONS 
LEAVt CR4§TAL 



, , ^ _l (e> 



^ Figure ,14. 3 



Forward biased diode.. 



c. Reverse biased diodes . Remember the battery connections are now 
just the opposite' of a forward biased diode; observe figure 15. The negative' 
minority charges (electrons) in the P-area ajre pushed through the junction tcvthe " 
N-area, while the majority positive charges (holes) are held in the P-a^a by the 
applied negative battery potential. The positive minbrity charges (holes) in the 
N-area are forced to penetrate the junction into the P-area% while the* majority 
negative charges (electrons) are held in the N-area by the positive battery voltage. 
The electrons forced into the N-area are .attracted by the positive voltage; the few 
electrons that leave the. crystal leave a few holes behind. Since only a few electrons 
have left the crystal, only a few can enter the crystal from the negative vollage side 
to fill the hoJes, Thus we have only a very- small current flow, so small in fact it 
generally is considered to be zero.' . \ «* . ' 



FEW ELECTRONS - 
ENTER CRYSTAL 



® 



N 



Q I FEW CHARGES MOVE ACROSS JUNCTION l (£ 



6© 



L 



FEW ELECTIONS 
LEAVE CRYSTAL 



~M\m 



Figure -15. Reverse biased diode. «. ^ • ' 9 

» • * * t * * , 

s 4. Summary . The majority charges, move in a forward biased diode arid. 

since the7e are many of these a large current can flow. The minority charges^move 

-irf a reverse biased diode and since^there are only £ few of these c}\arfees only a very 



small current can flow — for our purposes zero current. 
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12. TRANSISTORS. m - ' \ ' 

a. As sembling diodes into aUransistor . Putting th* forward and reverse 
biased diodes back injto the transistor, as in figure 16. we notice that the emirter to 
base (NP) diode section is forward biased and the base to .collector (PN) diode section 
is reverse biased. Transistors are always biased this way except for" special circur. 
applications. This bias method isAxsed tor both NPN and PNP transistors (fig. 17,. 
The Iroper battery connections can easily be determined by adding another alternate 
* to the transistor type (for example NPNP or-PNPN). The last letter gives tn« 
'ty'of voltage;applied to the collector. The emitter is at the opposite potentjai. 
he base very close to it, but generally not quite as extreme. 




NP 




*jP,y J* ** ' r ' 



8ASE 



COLLECTOR 




REVERSE BIAS 



Figure 16. Putting the diodes back into the transistor. 



EMITTER BASE COLLECTOR 




EMITTER Bl&SE COL LECTOR 




FORWARO BIAS 



REVERSE* BIAS 



FORWARD BIAS^l REVERSE BIAS 



1 Figure 17. Bias methods for NPN and PNP transistors. 
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b. How the charges move in an NPN transistor . Consider the action of the 
NPN transistor shown in figure 18. The transistor is currently biased with the forward 

bias on the emitter -to-base junction and reverse bias on the basej=J to< collector junction. 

* , ■ ^ • 

(1) The bias voltage on the emitter'-to-base junction causes electrons 
(N-type majority charges) in the emitter crystal to- move toward, 
the base crystal. The'base isyA much thinner^ (about 0.001 inch) 
crystal than either the emitte/r or collector crystals. Therefore, 
* since the electrons are moving at a tremendous rate of speed, most 
of them (actually about 95-9^1 percent) pass through the thin base 
crystal and go' to the collectors. The few electrons (from 1 to 5 
percent) that do not penetrate the base are attracted to the positive ' 
voltage on the base. These few electrons cayse a very small base 
current flow. 



N 



N 



VOGJ OF Tf*E ELECTRONS ARE FORCED THROUGH BASE SECTION 



IQMt CLtCTHOm CO TO msc 



<2> 



W mm ^ * — ,± |^ 



Figure lft, Moverneht of^charges in NPN transistdr. 



(2) Tlte great number of electrons that go to the collector are attracted 
to the positive terminal of the battery*. These electrons leave the 
collector and enter the battery causing collector current flow. 
Every electron that moves out of the' collector leaves a hole behind 

^ it;and these are forced in the opposite direction by the positive 
collector voltage. These holes penetrate the thin base crystal* and 
go to the emitter*. Fpr every hole that -reaches the emitter, another 
electron goes to the collector, 

(3) This gives you an idea of the cur rent -controlling action of an NPN 
transistor, of which the most important thing to remember is that 
the forward bias, (connected across the emitter and base) controls" 
the amount of collector current flow. In other words, if you make 
the base more positive, collector current rises. If you make the 
base less positive* collector current drops. A little later in this 
lesson you will see how a weak signal voltage can be used to. control 
the forward bias voltage and thus^froduce an amplified signal in 
the collector circuit, * 

c. Moyement of charges in a PNP transistor . T*he principles of operation 
for the NPN and PNP transistors are basically^Jfre same. The only differences 
result from the crystal arrangements (fig. 19). , ^ 
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(1) Forward bias voltage on the emitter -to-base causes holes 

(majority P-type charges) to move toward the base. Most of the 
holes penetrate tfye base crystal and entar the collector area. 



p 



MOST OP- THET HOLt? ARE FORC&D^THRGUGKH BASE SECTION 




• COLLECTOR 



Figure 19. Movement of charges^ in PNP transistor. 



(2) 



As the holes arrive in the collector a*rea they are filled by electrons 
coming from the negative collector voltage, These electrons pass 
through the thin base crystal and go to the, emitter. There are 
also a few electrons from the negative base voltage that fill 'the few 
holes tl>at didn ! 9 t get^from the/ emitter to collecjot. " 



(3) 



All the electrons that go to the emitter are attracted to the positive 
emitter voltage and flow, into the battery. Every electron that 
1 * , "moves out of the emitter leaves a hole behind, AIL the holes left 

behind move from the emitter, through the base, to the collector, 

d. * Summary . Current flowa^thfrpugh an NPN transistor from 'emitter to 
colleyctorT but from collector to emitter in a PNP tfansistor. Electrons constitute' 
the main current through an NPN transistor, whtte jibles are the main current carrier 
in the PNP transistor. Therefore, a negative volt$ge*on the base of an NPN transistor 
will stop current flow (shut the transistor off), but a PNP transistor will require a 



positive Voltage to halt the hole flow, thus stopping current flow in the circuit. 



13. TRANSISTOR SYMBOLS. 



a. Symbols . Figure 20 shows^the two schematic symbols used for 
transistors— one is used for the NPN and the ottoer, for the PNP transistor. Both^ 
symbols show the emitter, base, and collector,. The collector and emitter are drawn 
at an angle to the base in both symbols. But notice, the emitter is determined by the 
use of an arrow, The collector doesn't have an arrow. 
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NPN 
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Figure 20, Transistor symbols, 



The direction of the emitter arrow Indicates whether 
Notice that the emitter arrow points away from 



b, NPN or PNP . 
it's an NP& or a PNP transistor, 

the base an the NPN transistor, but toward the tj|se in the PNP : transistor ^ Remember ^ 
that the Emitter amow always points away from the direction of current flow and you 
will ha,ve no trouble determining if the symbol represents an NPN or a PNP transistor 
Another (way to associate the proper symbol with the correct transistor is to remember; m 
NPN (tyP) arrow does NOT POINT to the base; PNP (P) arrow 'DOES POINT to the ° 
base (fig. 20), ' . 



14. TRANSISTOR CIRCUIT. 



/ 



a. Basic transistor and vacuum tube' circuits . The three basic 'transistor ' 
.circuit arrangements are very similar to common vacuum tube circuits* Notice 
that the phase relationship of input and 5 ^utput signals is the same for the, transistor , 
circuits and their equivalent vacuum tube circuits, The input and output signals 6 are. 
180 out of phase only in the common emitter°and w common cathode circuits. ^The other 
circuits have the same phase relationship betweea ii)p\it 'and output (fig. 21). 




feASIC TRANSISTOR CIRCUIT ARRANGEMEl^ 



^10 



COMMON BASE 



COMMON COLLECTOR 




ouT \ ° — fl • if^ 0 * p"" X-T- ) / \y wr 



LUVVfjli CAT* tOO E 



COMMON GW»D 



— O 2 * o- 



COMMON PLATE 



BASIC VACUUM TUBE CIRCUIT ARRANGEMENTS 



\ 



Figure 21, Comparing basic transTstor and vacuufn tube circuit arrangement^, *" 4 * " 
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' - • (1) The. common emitter (fi$. 21A) 5 has $k emitter common to the 

" base Input and the collector output ^grials... TW* is like the common 
jl, s • cathode vacuum tube circuit. ^ " «V* 9 1 • 

(2) The common base (fig.. MBi) has the base common to the emitter 

input and the collector output -signals. ' This is like the common . . ^ 
g^id vacuum tube cfifcui:. i<? . \ f 0 

; -4 . > (3 y ,jhe Common collector (fig. 21C) has the cgllftctor common to the 
t base input and emitter output .signals. This is similar to the m 

[ % * < / f * cathode follower or common plate vacuum tube circuit. 

i' V k • -Co mparing transistor and vacuum-tube circuits, ^dw compare the , 

f actual transistor circuits with their equivalent Vacuum Hub ^circuits shown irf figure* 

* ; 22 -Notice that both sets of the circuits are arranged' the ..same way. The input ^ 

* circuits of both transistor s jand vacuum-' tubes have a. signal generator in series witftj , 

- . the bias battery; also; the* output circuits both have a loa0 rector and battery .* - ■ 



<9" 




.<? 1 * (3) Bias voltages are only 0. 1 volt for the' transistors and 3 volts for 

* the vacuum tubes. * < - 

V 

(4) Finally, the amount of current that flows in transistors (NPN in 
- s this example) is controlled by the base-to-emitter voltage. In 

vacuum tubes it is the grid-to-cathode voltage that determines how 

much current flows. 

"Note. — To show you how each of these three circuits wbrks, we will discuss 
each one separately. We will use the same transistor circuits we have been 
discussing (fig. Z2). J3ut instead of using a signal generator directly in series 
with- the bias voltage, we will use a transformer coupling (fig. 23). That way 
the transformer secondary acts like a signal generator in series with the bias 
voltage. The circuits that we will ^discuss use NPN transistors. Should we wish 
to use PNP transistors it would. merely be necessary to reverse^the polarities 
of the batteries. 'Remember, in the case of a PNP transistor, current flows 
from collector to emitte°r not from emitter to collector as in the NPN . 

> . * 

15. HOW THE COMMON EMITTER WORKS. 

^ a_. Reverse bias connection. Looking at figure 23, the first thing you 
probably vvonder is — how do you get reverse bias from base-to-collector if the 
battery isn ! t connected to the base? Actually the collector battery does connect to 
1 the base through the 0. 1-volt battery. In other words, the difference in voltage 
■between the base and collector is 6 volts minus 0. 1 volt, which equals 5.9 volts. 
This means that the base is at a negative 5*9 volts as compared to the collector — 
this is reverse bias. 
*? 

1?. » No input : Before the signaMs applied the positive 0. 1 volts on the 
base causes current to flow toward the base* - As you know, most of the current goes 
to the collector and very little gets to the base. Current flow in the collector output 
circuit causes voltage to develop across the output which is taken across the collector 
and emitter as shown. 11 • 
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AMPLIFIED 
OUTPUT 
SIGNAL 
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Figure 23. How the common - emittei \jc£?cuit works. 
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c. Positive input. As the input signal riseSyin the positive direction, \he 
signal voltage adds to the +0. 1-volt battery vot^^ge^/Higher positive voltage makes 
the transistor conduct more, causing the collector current to rise. Higher, collector 
current means tttat the output voltage drops, thus providing a negative output signal 
alternation. (The reason the output voltage drops when collector current increases 
is "the same as for vacuum tubes— a rise in plate current always causes a drop in 
output voltage ^when the output is taken across plate and catho4e.) 

4 d. Negative input . When the input signal drops in the negative direction, 

the signal voltage subtracts from the 0. 1-volt battery voltage. This makes the base 
less positive compared to the emitter, so less electrons move ?rom the emitter to 
the collector. Therefore the collector current drops. A droj^in collector output 
current causes the output voltage to rise, thus providing the.positive alternation of 
the output signal. % ' * 

e. Output. Notice that the amplified output signal is 180° out o^f phase 
with the input signal. * • t 

* 

16. HOW THE COMMON BASE CIRCUIT WORKS, 

a. Reverse bias connections. In the common liase circuit (fig. 24) you 
can see that the 'reverse bias is not a problem. The negative side of the collector 
battery goes directly to the baSe and the positive' side of the battery goes to the 
collector through the load resistor. 

b. No inpu t. Before a signal is applied, tW transistor operates with only 
0. 1 -volt Torward bias. The amount of current that, flows i,s the same as in the 
common* emitter circuit. - Q ♦ 




AMPUFlEO 
OUTPUT 
SIONAl 



Figure 24. How the common-base circuit works? 



c. Positive input. The positive input alternation subtracts the *0. 1-volt 
battery voltage making the emitter* less negative and causing the transistor to conduct 
less. This causes a rise'in the collector output voltage, thus providing a positive 
alternation,. 



d. Negative input. The negative input alternation adds to the 0. 1-volt. 
battery voltage making the emitter more negative and causing the transistor to 
conduct more. This causes a drop in the collector output voltage, thus" producing 
the negative output alternation. * — 
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«; Output, Notice that the amplified coUector output is in phase with the 
input signal, *• . r M 

17. HOW THE COMMON COLLECTOR CIRCUIT WORKS, 

, /a _ % Reverie bias connections. Notice in the common collector circuit 
<(£ig. 25)-that the reverse bias is obtained in th* same way as in the common emitter 
circuit; again is through the 0. 1-volt bakery making t^he reverse bias 5, 9 volts, 

Noingut, Before a signal is applied, the transistor operates with only 

* 0, 1-volt forward bias, just as.in*the two previous cases. 

c. Positive input, ^ During the positive input alternation the forward bias 
^gj^gjg££l w> : Tto cggsja the transistor to conduct more. The current through 
the emitter (res, load) causes a positive output voltage rise. 

* * ± Negative input. On the negative input alternation the forward bias 
decreases. Less current flows through the emitter (res/ load) causing a negative 
output voltage, * - 

e. Output. In the common collector -circuit the output signal is less 
Slightly) than the input signal and the output and input signals are in pharse. * 



INPUT 




OUTPUT 
SIGNAL 



LOAO A 



.IV 



Figure 25. How the common-collector circuit works, 
18, HOW TRANSISTORS AMPLIFY*, ' 

Base-to-e mitter voltage. So far you've seen how a change in base-to^ 
emitter voltage causes a change in collector current. This is the key to transistor 
amplification, A very small change in input signal voltage caus 4 es a great change. in 
coUector current. The change in collector current then causes a change in output 
voltage across the collector output circuit. Trie output voltage change is much greater 
than the input change so frou have amplification, 5 
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SIGNAL 

3V 



Figure Transistor amplification. 
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b. Determining voltage gain , 'Now let's use .some actual values and you'll 

be able to get a clearer idea of what happ'ens. Suppose we have a 0. 1-volt in^ut 

signal, as shown in figure 26, causing a 6.001 amp (1 ma) change«in the Collector 

current. If the load resistance is 5,000 ohms, we can- find the output voltage^by 

applying Ohm's law (E = I.* Rj. Multiplying 0.001 x 5,000 gives 5 volts 

(E = I x R = . 00 1 x 5, 000 = 5V); therefor^,' the amplified output signal is 5 volts. 

find out how much voltage gain the circuit provides, divide the 5 -volt output by th 

i . Eout 5 
0. 1-volt input; i. e. , gain 



Em 



0. 1 



To 



= 50. The answer is 50, so this'circuit provides 



a^voltage gain of 50. I 

- c « * Summary . You see, therefore, that transistor amplification is not much 
different Than vacuum tube amplification. In a tube, it's a change in grijj-to-cathode 
voltage .causing a change in plate current that gives amplification. In a transistor,^ 
it is a change in base -to-efnitter voltage causing a, change in collector current that 
does it. 

r9. SELF -BIAS, % 

t . fc , a. Bias batteries. You may be wondering how it is possible to have a 
J forward b^as battery as small as 0. 1 volt. Actually, we don't use batteries this 

small ttecaus'e they are not available. Instead, we use conventional batteries such 
\ as the 1. 5-volt, 6-volt, or even 22.5-volt typ^s to get the 0. 1 volt we need. 

b. Forward bias . We get the low forward bias voltage by using the voltage 
" drop" across the emitter -to -bape resistance- Less then 10 percent of tfce emitter * • 
current flows into the base circuits. This amount's to about 0.0001 amp. (. 1 ma) 
wherfthe base is a positive 0. 1 volt. To determine base resistance, use Ohm's law 

• (R ■ E/X)». Dividing 0. 1 volt by 0. 000 1 ma (R = . 1/ . 001 = 1,000a) shows that the* 

* base resistance is 1,000 ohms. So you see, as long as the base current is 0.1 ma, 

the voltage" across the 1000-onm emitter to base resistance is "the 0. 1-volt ty&s we want. 




* , Figure' 27.. Using the emitter -to-base resistance to develop bias. < 

Thjls'is shown in figure-27 where the base voltage is obtained by using the 6-volt 
collector battery* YdU can see that there Hs a 59,000-ohm resistor, and a transformer 
secondary in series, with the 'l, 000-ohm emitter-to-base resistance t>e 6-voit 
battery. Since the transformer coil i+ only a few ohms, you can ignore its resistance. m 
This m^ans that the total resistance is 60,000 ohms across the 6-volt battery, 'Jhich 

.allows only 0. i ma to flow*. Using Ohm's law this is (I = E/R): or, 

# 

= 0. 000 1A = 0. 1 ma 

in • ' 



60,000 



£; Bias limiting registor. The 59,000-ohm resistor is sometimes called 
a bias limiting resistor since it is used to limit'the amount of base current that 
"♦develops the bias Voltage. The current through this resistor is«sometimes called 
bias current. So you see, in transistors the operating bias voltage is determined by 
the bias current. Th'e higher the bias current, the greater the forward bias voltage 
developed across the emitter-to -base resistance. Since thtf resistance of a trans- 
former coil is only a few ohms, remember that you need a bias limiting resistor to 
^prevent excessive current flow through the transistor. Without this resistor, the 
- transistor will burn out. ' - * 

20. TRANSISTOR CHARACTERISTIC CURVES. 

" « 
a. General. Calculation of the current, voltage, and power gain of^a 
common emitter transistor amplifier (fig, 28A) can be accomplished by using the 
'.'common emitter output static characteristic curve (fig. 28B). The output character- 
istic curves plot the collector.cur rent against the collector voltage with the base 
current as the fixed valued (THis.family of curves is equivalent to the plate curve 
family of the common vajrtium tube. Remember from your previous lesson that we 
plotted plate current against plate voltage while holding grid voltage constant.) The 
known information about the amplifier'is as follows: 

* (1) Collector .supply voltage is 10 volts. 

(2) Load resistor R2 is 1,500 ohms. 

(3) The emitter base input resistance (ri) 500'ohms. 

» (4) The peak-to-peak input current is 20 >*a. 

(5) The operating point (X) is 25 A4a of base current and 4.8 volts on 
the collector. * t d 

. ji- Loadline (fig. 28B) . *The first step in the procedure is to establish the 
oadline of load resistor R2 on the output characteristic curve. This is done by 
locating and connecting points Y antfZ of the loadline. .This is basically the same' 
procedure as you used last lesson to calculate the loadline of a vacuum tube. 

(1) When the\collector current is zero, the total collector supply 

voltage, (10 volts) equals the collector voltage (Vce). Point 2 (one - 
* . point of loadline) then is at the 10 vojt mark on the horizontal axis. 

, ' ' , ( 2 ) When the vpltage on the collector is zero the total collectbr supply 
voltage ( 10 volts) is dropped across load resistor K2 (1, 500 ohms). 
The* total current (Ic) then is: 

' lc = Vce/R2= -rfoo ' " *'v J 

Ic. = 0.0066A 6.6 ma. \> t 

-Point Y (second point of the loadline) then is at the 6. 6 ma, mark on 
ft1 the vertical axrs. ^ 

; f- ' * * 

(3) Connecting-points Y and Z with a straight line establishes 'the 
/ loadline. ' * 

, Operating point and waveforms (fig. 28B) . The operating point is 
located at point X on the loadline. This point is- the intersection of a line drawn 
vertically from the 4*. 8-volt (collector voltage) mark on the horizontal axis to the 
25 curve of base current. Since the peak-to-p<*ak i^put current is 20 Ala, the 
deviation is I0,*a above the operating point (point M) and 10 A4a below the operating 
point (point N). * f 

♦ 
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Figure 28, ' Cjae$|fifier and its output characteristic curves with loadline. r 

/ % ./$) Establish the waveform for the input current by extending a li 
4 ~ (perpendicular to the loadline) Croni operating point (X) and ea 
^ t *0 m deviation point (M and N). 

jT' (2) Establish the waveform for the output, current by extending a 

horizontal lUe through the vertical axis from the operating point 
and each of the deviation points (M,- N and X). 

(3) Establish the waveform for the voltage by extending a vertical line 
through the horizontal axis from the operating point and each of the 
deviation points (M, N and X). 
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d. Current gain . Current gain in this configuration is the ratio of the change 
in collector current to the change in base current. f * 



(1) Determine current gain as follows: 

I 

Ai=^~ (A 

I max - I min ^ 
c c 

~ I max - I„ min 
B B 

(2) Substitute known values in the formula: 
4, 7 ma - - 2, 1 ma 



denotes change) 



S . 



Ai =• 



° Ai 



y± A - 15 A 

2*6 ma 2« 6 ma 
20 Ji a 

130 



0. 02 ma 



The current is amplified 130 times. 

e. Voltage gain . Voltage gfe^in this configuration is the ratio of the 
change iiTcollector voltage to the change in base voltage, 

(1) Determine the voltage gain as follows: £ 

Av s AVCE/ A VBE V 

{2) Solve for A VBE. The change in input voltage is the change in 
I input current multiplied by the input impec^nce (500 ohms), 

V A VBE = AI B r. * ' 9 • 

= 20><a x 500 ohm^s * 1 ; 

' .006Q2 amp x 500 ofems 
A VBE = ,01 volt . / 



(3) . Substitute 'known values in the formula (1) above. 
*6.7V 2.7V _ 4V_ 
.01 = .01V 



Av 



Av = 400 

$ . 

* The voltage is> amplified 400 times* 

* » 
Power gain . The power gain is the voltage gain times the "current gain* 

'(1) Determine the power gain as follows: G = AvAi 

(2) 9 Subatitutfc known ^values obtained in d and e_, above, previously. 

' *• G = 130 x 4 400 \ . * 

- G = 52,000 



The input power is increased 52,000 gmes in going through the . „ 
* % • -transistor. * 

Constructing a dynamic transfer characteristic curve . The loadline on 
the-output static characteristic curve tells a great deal but not as conveniently as does 
another type of characteristic curve. -From the effects of the transfer static charac- 
teristic curve, a resultant curve known as the dynamic transfer characteristic curve 
(fig. 29) as formed* , It has ♦become corrifnon practice/ when studying the behavior of the 
c6llector current under the influence^of a signal current- applied to the base to show 
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the dynamic transfer characteristic and to plot the input signal and the resultant 
collector current along this^haracteristfcT" In figure 29; the output characteristic 
with the 1,500 ohm line (fig. 28B) is repeated. In addition, the transfer static char- 
acteristic is drawn to the left. To show the collector -current "base -cur rent curve, 
which represents the collector current corresponding to certain base currents and the 
effect of the load in creating the effective collector voltages, the 1,500-ohm loadline 
will be projected on the transfer ftatic characteristics. The two families of curves 
have three attributes in common— ;a .common collector current axis, like values of 
base current, and like values of collector supply voltage, although the last two named 
are illustrated'differently . To project the effect of the loadline on the transfer static 
characteristics, it is necessary to'plot\he collector cur rent, values for each value of 
base current (P-,Z) shown on the output characteristic curve. This is done as follows; 




.BASE CURRENT Ip I MICROAMPERES) 



I I* 
COLLECTOR VOLTS V CC 



Figured. Construction of dynamic transfer characteristic curve from output static 
characteristic curves with loadline and forward transfer static 
* characteristic curyes. ^ 



(1) Extend a horizontal line from point P of the .output characteristic 
curve P» (I B 0 and I c 0.85 ma) of the transter static characteristic 
curve. 

(2) Extend, a.horizontal line from each of the remaining points (Q 

through Z) to locate Q' through Z" of the transfer static characteristic # 
curves. , * *~* 
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(3) Connect points P* through. Z* sequentially to establish the dynamic 

transfer characteristic curve, >' , 

» .1 

• (4) The two curves on the transfer characteristics marked 2,5V 'and 
10V are obtained with the collector ,yj{£jtage held constant and the. 
output a,c r short circuited, °This is a static condition. The collector 
voltage of the dynamic transfer characteristic curve is -not shown '* 
as a constant value since the collector voltage now varies because , 
of the presence of the load resistor, (Note - The dynamic transfer 
characteristic curve^for the transistor is equivalent to that for the 
electron tube, as discussed in the previous Jlesson, ) 

h, • Signal analysis with dynamic transfer characteristic, curve , y- — 

(1) When the proper operating point is established and if the change of. , 
base current is within the linear portion of the dynamic transfer 
curve, the transistor will operate linearly (linear operation, fig./30). 
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Figure 30. 




Dynamic transfer, characteristic curve* showing linear (Class A) operation, 

■ r * -* 7 

When the transistor, ;is operating linearly, the amgjlifiejd output signal 
will be an exact repjPjptduct£c*n of the inpfjxt* signal'. Class A amplifiers 



are operated in this "manner 



(2) 



y. 



When the proper operating voltage is established and if the* change 
of base current exceeds the'linear portion 6f tlie dynamic transfer 
.•characteristic curve^ the input signal is overdriving the transistor 
and the amplified output signal will be distorted (i^g. 31), 



(3) When the improper operating PQinfius established, theXchange of - 
base current will automatically caiwef the linear portion of ther^ 
dynamic transfer characteristic curve to be exceeded. The location 
of the operating point wilT^etermine (whether the negative or the 
positive change of base current will exceed the linear portion (fig. *32)., 

■ V 
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Figure 31. Dynamic transfer characteristic curve showing overdriving, 
ft 




y 



Figure 32. Dynamic transfer characteristic curve showing nonlinear operation. 
.21. WORKING WITH TRANSISTORIZED EQUIPMENT. ' < 

' a. Handlin g transistor circuits . In your work you may have to replace 
narts in transistor circuits when they go bad^ Most transistor circuits use 
mima^r M parts. They're the same kind of part, used in other circuits such as 
Tesutr capacitors, and coils, but they have been scaled dowr .to match^ ^ £. 
of the tiny transistors. This means that you must.be extra careful, in handling the 
ptrtt 3Z u."g your soldering gun. The part, are smaller then. usual and thus more 
fragile then normal »ixed components. » 

'b. Transistor mountings . F igure 33 shows three different trustor, .and 
the sockeT th a ' t is used to mount the m. Notice-that the socket holes are not equally 

«d ^Xaight line both, but the holes are spaced the same as the one we just ^ 
di»cu»sed. i* 
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COLLECTOR 
BASE 
EMITTER 



COLLECTQP 
BASE 
EMITTER 



SOCKET 
HOLE 




SOCKET 
TERMINAL 



Figure 33. Typical transistors and mounting socket. ^ 

£^ Connecting transistors . Y^ou will have no problem^when plugging in the 
transistor shown on the lower left of figure 33. The transistor fits into the socket 
only one way because the transistor leads are spaced the same way as the socket 
holes. .The other two transistors have an easily recognized mark on one side to 
identify the collector . You must be careful to insert the transistor leads in the 
proper socket holes. If, you plug it in the wrong way, you'll burn out the transistor. 
When soldering be Jure to remove the transistor from the socket if possible. If you 
must solder directly to the transistor leads (some equipment does not use sockets), 
use a low voltage iron (35-40 watts) and use a clip or long nose pliers on the lead 
between the iron and the transistor as a neat sink (fig. 34). Transistors are very 
sensitive to heat and failure to use a heat sink will invariably ruin the transistor. 




Figure 34„ Using the "heat- sink" method to solder transistors. 
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, 22. TESTING 1 TRANSISTORS WITH AN OHMMETER. 

a. ' General . There are many test sets made especially for testing 
transistors but by using a simple ohmmeter we can determine whether a transistor 
has an open or short circuit, or even if it is a NPN or a,PNP transistor. * 

b. Preparing the ohmmeter . First you must determine the polarity of the 
ohmmeter leads so that you know whether you are applying negative or positive voltage 
to the transistor elements. Check the. polarity using a voltmeter. In the multimeter 
TS-352/u (w'hich we will use for discussion), the jack~marked ohms is negative (-), 
and the jack marked - DC + AC is positive (+). 

CAUTION. — When checking transistors, do not use the low-range resistance 
scales of the ohmmeter or any range that allows more than 1 ma of current to 
flow, or you will burn out the transistor. The R x 1000 scale.ef the TS-352/u 
is quite satisfactory. , % 

c. Testing NPN transistors. Use the following procedure to determine if 
a transistor is an NPN type or if it is defective. Use figure 35 as a 'reference. 
Numbers in the figure correspond to the .step numbers. 






Figure 35. Testing NPN transistors using Multimeter TS-352/U. 

^ (1) Connect the ohmmeter leads across the emitter and base as shown. 
Since this is a forward bias condition (for NPN transistor), the 
meter should show a low resistance reading., 

(2) Now connect the meter leads across the base and collector. Tiie 
voltage polarity tells you this is a forward bias connection and the 
meter should indicate low resistance again. ~ 

(3) Now check the emitter -to-bas^e again but use reverse bias connection 
... as shown. You should gfet a*high resistance reading. 

r • 

(4) Finally check the base -to-collec^or again using reverse bias. You 
should get a high resistance reading. 

If the transistor is shorted you'll get a low resistance reading for both 
the forward bias and reverse bias measurements. If the. transistor is open, you'll 
get a high-or^infinite resistance reading for both measurements. If either diode 
section of a" transistor is shorted or open the transistor must be replaced. Before 
replacing a transistor, check its circuit for abnormal volj^age which may have caused 
the trouble. 
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d. Testing PNP transistors . You test PNP transistors in the same way that you 
test NPN~type. Of course, the meter connections must be just the reverse of those used 
for the NPN. Jfigure 36 shows how to make the test. 





EXERCISE. 



Figure 36. Testing PNP transistors using multimeter T5-352/U I 



136. Which would be the proper connection for this circuit 4 ? 



b. 



irl | 1 | i _ r ^i I | l | i _j 




* 

A 



K ft 



137. Positive charges and negative charges in transistors 

a. ' move in the same direction. 

b. move only in the crystal. 

c. move in opposite directions." 



138. How does the output of the common collector circuit compare with the input signal? 

a. In phase and slightly more voltage , „ ^ 

b. In phase and slightly less voltage 

c< Out of phase and slightly more voltage 

139. The resistance of transistor crystal material is 

* * 

a. higher than most conductors but lower than most insulators, 

b. higher than most insulators but lower than most conductors. ^ 

^ c. equal to most common condtfctbrs. * % 
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140, If a heat sink is not used when soldering a transistor lead what is likely to happen? 



a. .Melt the lead ° 

b. . Poor solder connection 
'c. Ruin the transistor '. 



L ■ 



I4i. Approximately what percentage of the electrons flowing through a transistor are 
attaqhed to the base? * 

a. *0 to.l 0 ^ 

< * b. 1 to 5 ' ^ * ' 

c. 15 to 30 4 rt 

142'. What are the main current carriers in the PNP transistor? ** . 

a. Electrons * 

b. Holes * \ 

c. Neutrons "* £ 

143 v In'a P-type transistor crystal the minority charges are 

V 



a, protons. ,t , , * . , j 

^ *b. holes. \ 1 ♦ 

- c. electrons. 

144. The arrow in the transistor symbol will^always 

a. radicate the base element, s\, ' & 

b. , point in tne same direction as current flows. 

. c. ' point in the opposite direction to current flow. v 

145. Which common electronic circuit component functions much like the transistor? 

• a ' * * # . 

a. Capacitor ' ♦ 

"b. Electron tube 
t 

c/ Inductor 

146. How can a transistor that is suspected of being 'shorted be tested? ... 

• * 

a. Cannot be tested 

* * * 
bT Megger 

c. Ohmmeter 

147. If you reverse the battery connections to a single crystal the 

v ' - / *' *> 

a. amount and direction of current flow remain the same. 

b. amount and direction of current flo.w change. # ^+ 

c. amount of current flow ajajris'the same, direction of current reverses. 



148. k it has been estimated that a transistor^ c>n operate continuously for how many ye^rs? 



\ 

a. ' 8 



b* 6 
c. 4 
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149. In an NPN -transistor the current flows from 

, a, base to emitter. 
ft b. collector to emitter. > 
'c. emitter to collector. 

150. The positive charges of a transistor 

a. move through the whole circuit. 

b. move only in the crystal. 

ci do not move at all. — 

•t *A 

151. A transistor is constructed from 

a. carefully contaminated crystals. 
« *^.b. pure refined crystals. , * 

c. " synthetic refined crystals. 

152-. A crystal diode is usually used to * 

a. control direction of current flow. 

b. amplify weak signals. * * 

c. 'convert direct current to alternating current. 

153. What voltage^ change in a transistor performs the same function as the grid-to-cathode 
voltage in a tube? * * 

a. Collector-to-ground voltage 

b. Base -to- collector 'volt age 

c. Base -to -emitter voltage * * 1 * 

^ v <r 

454. In transistor thepry th« positive charge is referred to as 

a. , an electron. 

b. * a hole.. • * 

c. a neutron. * ' 

155. A reverse biased diode is generally con§idered as permitting 

a. large amounts of current flow, • 

b* reversed current flow. ^ 

c. sma!l amounts*bf current flow. e 

156. A transistor normall/has how many elements? 
a. 2 

b; 3 ^ 

c. 4 

, u " » 

157. ,Wn~at semiconductor sections of a transis'tor are usually forward biased? 

■ 1 

a. Emitter to collector 

b. Emitter to base dfe 

c. Base to collector ^ , * * • 

tl ' 
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158, If we put a positive (+) signal Voltage qn the bfc^e oi an NPN common emitter circuit the - 

•9 

a. output voltage will decrease. 

b. * output voltage will increase* * 

c. collector current, will decrease. 4? 

159 ♦ What type charges move in a reverse biased diode? 

. * » 

a. Majority '• 

b. Minority 
c N Negative 

160* What is the thinnest crystal in a transistor? 



a. Base 

b» Collector 

c, Emitter 




4Nf 
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major teaching points in each lesson, thus reinforcing the student's learning process, - 
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RESPONSE 

NUMBER RESPONSE 

# 100 CORRECT. The usual AC ammeter or voltmeterj will indicate the R.M.S. 

or effective value. 

Iqj ( one time ^is might have been true but not today. Check para 2jc(l). 

102 CORRECT.' This is true except for spe'cial circuit applications. 

103 A substance is composed of many atoms. Check para 2jc(l) again. 

104 An ampere is a unit' of measure of the current flowing through a conductor. 
A different term is used to designate work per unit charge. Check para 

• 3^ again. 

* * * 

106 The longer the positive step voltage is applied, the greater will be the 

voltage across the capacitor* Take another look at para 2c. 

^* 108 Grid /esistance is not required to plot this type of curve. Check para 

4e(2) again. 



t — 



109 CORRECT. -Most circuits are a combination of series and parallel 



110 
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circuits. 



If the polarity is neutral, there is no change. Check para 3b~a^ain. 



111 The control grid voltage is what controls the plate current. Please 
read para 4e(l) again. 

112 Actually a compound is a type of substance. Have another look at 
para 2c(l). * 

113 CORRECT. Just as water will flow downhill. 

115 * / CORRECT. Collapse of the magnetic field will reproduce the energy. 

116 CORRECT. Soft iron is used for temporary electromagnets such as 

relays. V i <* 

* & « 

^17 CORRECT^. However, the magnetic field does not exist only on a single 

plane but fills the space about a magnet. * \ * 

118 Since a diodebnly has two electrodes it .cannot be used as. an oscillator. 
Please read "para 3a again. 

119 Remember, we are talking about the forms that matter can take. Check 
para 2jc anb\.try again. 

i 

121 CORRECT. * The,10*volt sine wave indicates 5 volts positive^mplitude, 

The 6 -volt bias will cancel this out leaving 1 v61t. Adding the 6 -volt bias 
to the 5-volt portion of the sine wave gives 11 volts. So the grid voltage 
will vary between 1 and 11 volts. 
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A sawtooth waveform represents the current in a circuit in which DC 
vpltage was applied and immediately removed. Review para 2e/ 

** 

Ebb represents the supply voltage. Check- para 4jg and fig 22 again. 

Do not confuse neutrons with protons. Have another look at para 2js. 

CORRECT. This is in accordance with the old law of repulsion and 
attraction. * 

Periodic waves appear at regular &tervals. fc Please read para lb again. 

4 

CORRECT. A crystal diode can control the direction of current flow just 
like an electronic tube diode. 

CORRECT. This must be true since like- poles repel each other. 

Partially true. Remember, .we are discussing a single crystal. Take 
another look at para 8b. f . 

CORRECT. Since a time constant is*considered to be 63. 2 percerft of a 
total change caused by a step voltage, 36 v 8 percent remains. WHen 1 volt 
is first applied to the circuit, 1 volt will appear across the resistor.' By 
the time 1 time constant has passed, 36.8 percent appears acroai the 
resistor. The remaining 63.2 p^rcentwill appear across the cfpacitor. 

There is = a type of atom that haf only one electron and one proton. Check 
para 2j? again. * 

E 26. 0 * 
CORRECT. 1 = r = -50" = 0.52 amp. 

* 

CORRECT. The ef/ective/value is 0. 707 tjmes the peak 6r maximum 
value, so, Eeff = 0. 7$£m orJ^= -ilS- = 162 volts. 

{ CORRECT. Since the value of the resistors is the same, we can find the 
effective resistance/by dividing the value by the number* 

«r • •.«> ... . 6.».p..) 

CORRECT. A suppressor grid is placed between the screen grid and the 
plate. It passes the high speed electrons from the control and screen 
grids but s^ps the low speed electrons from secondary emissions. 

An electron tube does offer resistance to current flow; however, this is 
not the Complete story. Read para lb again. 
» . * 

Thifck of inductance as the inertia of an electrical system. Remember 
thai every conductor that carries an electrical current is surrounded by 
a magnetic field. Review para /3a. * r 

* CORRECT. This symbol indicates two main elements: a cathode and a 
plate. 

Not quite true. Checfi^para 3b and try another, choice. 



CORRECT. GM iS trans conductance in MHO's while Rp'is plate 
resistance in ohm's. 

The -larger the amount of resistance the more power is consumed. Have 
another look at para 5c. 

There was a vacuum tube in use at one time that had. four elements and 
was called a tetrode; however, it is now obsolete. A transistor normally 
does not have this many elements*. Please check para 9a again. 

Inductance is shown by' a different symbol. Please read para 2b(l)(a) 
again. ' , ~~ 

The control grid of an electron tube controls amplification. Review 
para 5a and try another choice. 

The rate of increase of current is what determines the atrength of the 
induced EMF. Remember, theinduced EMF is always in a direction so 
as to oppose the change of cui*pent.that caused it. Please read para 3b(6). 

Remember-^Uike poles -repel— unlike poles attract. Read para 5jj[l)(c) 
again. 

Since we know the reactance of the coil and the current value we can use 
Ohm's law to find t*ne voltage. Check para 3d and try another choice. 

.CORRECT. In this type of cell an electrode is consumed during use.. 

CORRECT. However, a small change in input voltage causes a large . 
change in collector current. 

CORRECT. The positive charges in this case are considered to be holes 
and though they are attracted to the negative terminal they never leave 
the transistor. ^ 

*" 

This is a resistive-capacitive circuit, so to find the time constant you 
must multiply the resistance by the capacitance, ot T * RC, T z 10 2 x 
(1()3 x 10"°) * 1CT 2 seconds. This is not the shortest tim^s constant/ 
Check para 2£ arid 3c. 

If you will thiiflcabout the operation of a capacitor you will see that this 
is not true. Check para 4^ and try another choice! 

Of the three crystals in a transistor one is much tjhinner than the other 
two; however, it is nt>t the collector. Take another look at para 12b(l). 

At times the arrow might point to the base element, but this is not its' 
jpurpose. Please read para 13b again. 

, Remember the rule for resistance in a parallel circuit. The total 
resistance is always less than the smallest resistanc^in the circuit. 
Please read para 4d(3) again* 



What we are looking for is a substance composed of two or more ele- 
ments. A special name is used. Check para 2c(2) again. 



Circuit No 2 is a series-parallel circuit and must be* reduced to a simple 
equivalent circuit before it can be solved, Please read para 4e again. 

Remember, the arrow always points away from the direction of current 
flow. Please read para 13b and check fig 1^9, 

■* < 

CORRECT, The greater the load resistance, the more linear the dynamic 
characteristics become. 

\ ' 

If AC and DC are applied to a capacitor, the AC will be .passed and the 
DC will be blocked. A more positive answer can be found in, para 4a. 

An electron has a negative charge. Take another look at para 6b. 

CORRECT. By the tfame token a charging RC. circuit is considered ■ 
fully charged at 7 time constants. * . " 

This procedure could be used when the inductors are connected in 
parallel but not when they are connected in series. Check para 3f(f) 
. again. - " - 

The procedures used for determining the effect of capacitors in series 
is the same^as those' used to determine the effect of resistors in parallel. 
Reread para 4ijl) before making another selection. I 

CORRECT,. According to Ohm's law I n - ( so I =iA2 = 2.2 amps. 

R 50 

CORRECT. Matter exists as a solid, liquid, or gas. 

CORRECT. This is governed by the type, length, and diameter of the 
material. * 

The time constant is equal to the resistance in ohms times the capacitance 
in picofarads. Please read para 2c again. 

CORRECT. Three grids plus a cathode and a plate make five main 
elements; thus the word N "pentode. " 

CORRECT. To solve this problem we say the capacitive reactance is 
equal to the reciprocal of two times pi (3.^415), times the* cycle per 
second, times the capacitance, or xc '=■ 



183 ohms. 2 * FC 2(3.14) (60) (14.5 x 10"*) 

CORRECT. As we. already learned one time constant is 8 25#secs*^ 
According to the time constant chart" the current reaches a maximum 
value or steady state after 7 time constants. So, 7 x 25 = 175 //sees. 

This is a'unit of measure for electrical power. Take another look at 
para 3£. -r I 

A neutron is an uncharged particle of an atom and is not involved in' 
current flow. Read para 12d again. 

CORRECT i This is the principle of operation of all types of inductors. 
CORRECT. This is how t a battery produces electricity. 



ICO 



Not quite true. Check para 5k(2) for a better understanding of a magnetic ' 
fbrce field. 

CORRECT, This method' employs the use of heat to produce a stream of 
electrons. 

This would be,an undesirable trait. Check para 3b again,. 

Remember, this is a parallel circuit. Take another., look at para 44(2),. 

One of the main advantages a transistor has over a vacuum tube is its 
long life expectancy. Read para 4b again, 

A compound is composed of two or more unlike elements. Take another 
look at para 2c. t - 

AC plate resistance equals the small change in plate voltage divided by 
the small change in plate current. Read para 3e(2) again. 

CORRECT. Since 25 jisecs is equal to only 1 time constant, the current 
is still increasing. Therefore, the magnetic §eld is increasing also. 

f 

The effective value of AC is the equivalent DC value. Take another look 
at para 2h(l). 

P 

CORRECT. When the, switch is opened current attempts to continue to , 
flow. This builds up a high voltage which. eventually will cause the current 
to jump across the open switch'. The resistor provides a path for the 
current arid prevents arcing at the switch. 

Natural magnets are made of such material as magnetite which has been 
magnetized by nature. Better magnets can be made artificially. Check 
para 5£(1). 

Answering this question does not require any calculation since there is a 
rule that states the action of voltage in parallel circuit. Check para 4d 
again. . 

This question was partially solved in question 55. Review this question 
and also para 4e. 

CORRECT. The total resistance* of a parallel circuit is always less than 
the value of the lowest individual resistance. 

CORRECT. The screen grid is similar to the control grid and is placed 
between the control grid an*} the plate. The resulting tubers called a 
tetrode. ^ \ 

** •* 

CORRECT. That is why in a pure capacitive circuit the voltage will 
lag the current by 90°, 
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212 CORRECT. Since the voltage is decreasing, curve B of the time constant 
chart (fig 2) will apply. Thus, 75 /laecs ^represents 3 time constants 

T = L/R = (25 x 10"^)/10^ = 25 x 10"^ = 2tt j/secs or f l time constant. 
75 /isecs = 3 time constants. The chw^hows that at 3 time Constants, 
5% of the voltage is across the inductor, .05 x'20 -i\.0 volt. 

r y 

213 A path must be available before current can flow. However, something 
else causes it to flow! Please read para 4a. 

* 

214 The majority changes move in a forward biased diode but not in a reversed 
bias diode. Please read para lid again* 

215 Copper is not a suitable material for the core of an electromagnet. 
Please read para 5m again, 

216 CORRECT. /The foAriula for determining tr,ansconductarice is the same 
as that used, to determine resistance. However, to avoid confusion, . the 
unit$5$ measure for resistance (OHM) is reversed (MHO) when determining 
transconductance. 

217 CORRECT. The grid should be biased to insure that it will remain 
negative. The range of voltage applied to the grid is known as, the 
operating point. 
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ORRECT. In'order to calculate the wattage we need to bow the current. 
So, using Ohm's law, 1 = j| = i-~= 2 amps. We now can use this formula 

= 110 



218 CORRECT. 
# So, using C 

to find the wattage: P = EX* = ITO x 2 = 220 watts". 

219' This is a partially correct answer. Check para 5b for the complete ftory* ' 



220 Actually, induction is^poduced in a DC circuit in the same way that it 
is produced in an AC .circuit, ^Please read para 3ji. 

f 

• » - - r 

221 A heat sink would not have any effect on .the solder connection. Take 
another look at para 21c. * " ¥ * 

222 Do not confuse induction with capacitance. Read para 3b again^ 

223'^ A proton is a negatively charged unit of an, atom. Please read para 2£(£j) 

again, 

224 • CORRECT. This will allow the plate family graph to show the effects of ^ 

small changes of plate voltage and fixed changes pf grid voltage. 

225 The opposition in a coil is measured in ohms the same as resistance; 
however, it has another name. Please xead para 3d again, 

226 Almost any electrical component can be tested in some way. Check 
« para 22jLvagain. 

227 As shown in question 54, circuit No 2 is a series-parallel circuit and # 
must be reduc-ed to a simple series circuit in order to arrive at the 
unknown values. Check para 4d again. . ^ 

228 A capacitor does not affect current the same way as it does voltage. 
I^leastf read para 4 j_ again. 
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CORRECT.^ The space charge eauses^most of the electrons to return to 
the cathode with only the necessary ones being used. 

Perhaps you do not fully understand the formula used to find the intensity 
of a force field. Check para 2b(2) again. 

The ratio of charge to the voltage causing it is always constant. Please 
read 4J[ again. 

CORRECT. Voltage is actually the difference in potential between two 
points. ' . *" 

• «. 

CORRECT. Since amber is a nonmagnetic material it would not altract 
'a magnetic "naterial such as iron. 

Not exactly true. Review para lit and try another choice. 

An electrostatic charge is associated wfth a capacitor /-not an inductor. 
Please read para 3<3 again. 



CORRECT. Since R5. and R6 are 126 ohms each, we can combine their 

1 resistor _ 120 

2 = 



resistance by using the like method. RT =• 



No of resistors 

60 ohms. Resistors 3 and 4 are in series so we can add them giving us • 

60 ohms. We now have 3 parallel resistors of 60 ohms each. Using the 

60 ^ 
like method = 20) we have reduced the parallel resistances to an 

equivalent of 20 ohms. Resistance Rl is in series so we add that to our 
parallel resistance; u,e. , R^ + RT = 10 + 20 = 30 ohms total resistance. 

A nucleus is part of an atom. Check para 2c(3). . ° 

CORRECT. Though they are smaller, protons are much heavier than 
electrons. ♦ 

L. - * 

There are not this many basic kinds. Please read^para 2a(l) again. 

Another name for a transistor is semiconductor. Take another look 
at para 5a. , ' ^ 

Capacitors do not respond to AC in the same way as inductors. Please 
read para 4h again. * « 



CORRECT. In this case, the current is increasing so curve A of the time 
constant chart will bemused. The maximum current is I » E/R * 20/10 3 = 
2 x 10"3 or 20 ma as shown in question 98. T^ius, 50 //sec s 2. time % 
constants. The time constant chart shows that the value at 2 time constants 
is 87 percent; so 87 x 20 = 17.4 ma. 

Since the electrical charge*on a proton or electron is too small to be 
measured practically, the couldmb was developed as a unit of measure. 
However, it does not equal the charge of 6.0 x 1*0*° protons. Check 
para 2g(l). 

Unlike a capacitor, an inductor responds instantly to a change in voltage. 
Take another look at para 3b. 



Plate resistance is not cpnsidered when constructing aioadline. Review 
para 4g(l) and try another choice. * - N 

CORRECT. It is also considered a permanent magnet. - 

A transistor called an oscillator can be used for this purpose but not one 
diode by itielf. Please read para 9b again. 

CORRECT. An electric field is present between the cathode. 7 and .plate. 
If the plate is positive withlrespect to the cathode, elections will flow* 
from the cathode to the plate; however, if the plate is negative with 
respect to the cathode, the electrons will be ^repelled by the electric field 

CORRECT., EMF t*Qltajge) is what provides the force necessary in an 

electrical circuit. ypv ' 

T » * 

A 

Jnductance is, that* electrical property tha| tends to resist a change in 
current. Some inductors are specifically designed for this purpose and 
are e called "chokes." Please read paragraph 1 agSin, 

A vacuum tube presents an infinite resistance to current flow in one 
direction and a variable resistance to current flow in the, opposite . 
direction. Please read para 4fj[l) again. o 

When measuring voltage,' the correct 'polarity must be observed when. , 
connecting the voltmeter** Check pa*ra 4c again. ~ " - - 

The ammeter will indicate the effective current. Please read para 2hf4) 

again. « „ 

, . / • .* 

• CORRECT; The time constant is 50,/isec. 20 Usee is 2/5th of a time 
constw^. Since the voltage will be decreasing, use curve B of the time 
constant chart (fig 2). You will find that 2/5th of a time constant eauals 
0.67 percent of the applied' voltage; i.e., a 0. 67 x 30 (applied voltage) = 20 
volts •' 

Remember that a magnet has two unlike poles. One attracts and the 
other repels. Cneck para 5k(2). 

The resistor is provided for a special purpose. Check para 3b(2) again. 

This is a partially correl5T>answer . Check para 3b. 

Actually, the collector current will increase, which, in turn, aff.ects 
the output voltage. Cneck para 15£. 

The average voltage«is never as much as the maximum voltage. Take 
another look at para 2h(3). * 

Beside the grids, a pentode tube contains oth^r elements. Please read 
par£ 5b again. * g 

S. 4 

This term could be used toviefine an atom though it woul4 not be true 
in all cases. Check para 4f. 4 . ' * , ' 



The trans conductance of a tube, is very important and is commonly used 
to compare tubes. Check para 4f(3) and try another choice. 

CORRECT, This is always true when charging by induction. 

t «» This metal does have a high conductivity but not the highest*. Please 
read para 3^(2)' again. „ v 

"Storage battery" is the term normally used for* ,a> group of wet cells such 
as the automobile battery. Check para 4e(l). " " • 

CORRECT. They are used in the" same way as gallons per minute is 
used to indicate the flow of water through a pipe. 

CORRECT. A resistor dissipates energy as heat while a capacitor 
stores it in the form of an electrostatic .charge* 

• ' * ' "* 

To calculate the average value of alternating current you .need only 

consider one-half of a cycle since the other half is of 'exactly the same 

* magnitude but different polarity. Plea's e read para 2h(3) again. ' 

I — • * 

A series^circuit is* a , rathSr siniple circuit where the cur-rent ^v a lue is 
the same throughout. Pf ease read 4d^again. % *' + 

Any change 'in the resistance o Capacitance has to affect the time 
constant. Please* read para 2c again, 

■**»•* ^ - 

Though most of the electrons pass through the base to the collector, * 
a percentage of them are attracted to the positive voltagejsn the Ijas-e. 
Ble'ase review para 42b(l), 

This seems like a very large amount but it *is" not. enough. Check para 
. again, +\ 

. Changing .the strength of .either of tHe charges will affect the strength o'f 
«■ the force. Check para 2b(2) to see how, 

CORRECT % If'one^was positive and the other negative they would attract 

each other, x 
• * • 

* ■ - '* 

A filament is used in some, vacuuxrf tub%s as an emitter. In other tubes 
it ivuied'as a header. Please read . para 4a again, * * 

♦ ~" . ^ . • 
Actually, gusi the opposite is true. Check para 5d(l) and try another 
choice. * 

* *\ • . y - 

Tfjbere are 102, known elements. Helium is one of these. * Please read 
- fcara 2c(2) again,- ; , 

A few electron* a*e attracted by the positive vdl^age'at tfcj base;, however, 
most pai* through the base, ,Check para 12d, . ' 

* . " ft ♦ 

' Read para 5j( l)(c)Tto understand the effect of a magnetic- field on a \ 
compass. « % 

t * • * f 

CORRECt. Voltage is an electromotive force. * Thus the letter E is used. 



In. this type of crystal the majority charges are positive. Review 
■ para 1 1£ and try another choice. 

* ' » ' 

CORRECT. fThis is the only way to connect a voltmeter td an electrical 
circuit. > • 

* * * * 

Actually, the electrolyte used in this type of cell is damp but it is 
classified as dry. Please read para 4e(l). 

This is a partially correct answer. Review para 4e(2) and try another 
choice. . • * 

Sorry, but it requires a negative step voltage to collapse the magnetic 
field. Please have another look at, para 3^ and 3b. 

Tne purpose of the getter is to maintain a good vacuum in the tube. Please 
review para 3d{ I). ' % 

CORRECT. As jve found out in question 54, the total resistance of circuit 
No 2 is 30 ohms. Now we need the total current, so = 1 = "^f§ = 4 amps. 
Therefore, the voltage drop across resistor I is IR = E = 4 x 10 = 40 voltV. 

CORRECT. This is the symbol for aPNP transistor. 

Consider the sine wave as having b volts positive and 5 volts negative. 
Review para 4d(4)'and try another choice. 

CORRECT. The maximum instantaneous value is called the peak value. 

r 

CORRECT. Positive and negative. 

CORRECT. A positive in^ut signal added t.o the positive base voltage 
t causes the collector current to increase. Higher collector current 
causes the output voltage to drop. < 

An ammeter placed at point A in circuif No 1 would indicate the total 
amperage of the circuit. Pie*f e, read*para 4d(l) again, 

CORRECT. Alternating current is always* changing in magnitude and 
direction. Direct current changes infmagnitude at the precise moment * 1 
the circuit is opened or closed. For |example, the circuit through an 
automobile coil primary winding is opened and closed by the points thus 
causing induction. . ] 

CORRECT. The total resistance in a series circuit is equal to the sum 

of the individual resistances. * 

* % • 

CORRECT. T = RC;T =4*4- = ^ ■ 

7 7 4 

CORRECT. Fcvrty volts dropped across *the first /esistor leaves 80 volfs 
to be dropped across the second resistor. Since /his is a series *circui^/ 
the current will be the same or 0. 2 amperes. So R = =-g^> = 400 ohms. 

There is no collector-to-ground voltage. Check para 18c and ^ry another 
choice. 
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322 - CORRECT. Like an electron tube, a*transistor functions as a valve 

to control current flow. 

il3 # To solre this circuit, it must be reduced to a simple circuit. Do this by 
starting with the branches fartl^st away from th^ voltage source. Check 
para 4e again. 

.324 These are units of measure that indicate the resistance'of an electrical 

circuit. Check para 2a again. 

326 CORRECT. A hydrogen atom consists of one proton and one electron. 

^ • 

328 ^ As learned in previous questions,* the time constant for circuit No 2 is 

25. //sees. Since the current is increasing, curve A of the time constant 
chart will tell us when^the steady- state occurs/ Please read para 3b and 
3jc again. 

329 This is a partially correct answer. Review parav2b(2) and try another 
choice. 

330 CO?LRECT. And one coulomb moving across a cross section of a con- 
ductor in one second is equal to one ampere of electrical current. 

331 CORRECT. Also* the higher the plate voltage, the more negative voltage* 
required on the grid to reach cutoff. 

332 CORRECT. Any wave that .does not follow the sine wave pattern is ^cor.- . 
sidered nonsinusoidal. Because there is,a difference in time between the 
positive and negative voltages, this particular wave is considered a 

, periodic.. v • 

» 

333 Free electrons are necessary to provide electrical conduction.- Check I 
para 3jc again. t y 

534 The control grid allows the tube to function like a vafrve in controlling the 

flow of elections; thus controlling the instantaneous value of current. 
Take another look at para 5b. # . I 

3'35 * CORJtECT. The AC resistant e in ohms is* rp; dep is a small change in y 

plate voltage in volts; and dip is a small change is plate current in MA. 

336 Matter is defined' as ( anyt bin g that has weight and occupies space.* Please 
k 9 * read para 2£ again. , * - 

337 The base-to-collector is usually reverse biased. Check para*12a again. 

338 Application of heat is the primary means of producing electron emission 

.and is called thermionic emission. Take another look at para 2c, 

> \ 

3^9 CORRECT. Formula C = -g is used to calculate capacitance where 

' • ^ C * capacity, Q = the charge on one plate and E * the applied voltage. 

Thus C = = = 445 microfarads. . 

E 440 *» 

341 CORRECT. The current flow must be the 'same in all layers in order for 

the magnetic field to be effective. 
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In order to provide the desired results, the distance d must be squared. 
Please read para 3c{2) again. 

,j 

The instantaneous value of alternating voltage or current is the exact value 
at a particular instant in time. Please read para 2h(4) again. 

The smaller case letter "e" is used to represent something other than 
external voltage. Please, read para 4e and try another choice. 

The magnetic force of bpth poles is the same. Please read para 5f. 

The emitter is about the same thickness as one of the other crystals. ' 
Review para'l2b(l) and try another choice. 

An ion can be the size of an electron,* an atom', or \ molecule. Pit 
read para 4£ again. 



i 4£ again. X" 
sr that current is the same 



Remember that current is tne same throughout a Aeries circuit but is 
divided among the different branches of a parallel circuit. Review 
question 55 and check para 4e again. 

A motor constructed to withstand this much voltage would operate 
satisfactorily; however, its cost would be higher than necessary. 
Take another look at para 2h(4). 

In one type of transistor the positive charges are the main current ' 
carrier. Better read para 8a(3) again. 

Electrons constitute the main current through an NPN transistor. .Please 
read para 12d again. 

At zero time constant,^ the change has just started. Review para 2d for 
a better understanding of circuits. 

Actually,, copper is heavier than most other conductors. Check para 
3jg(l) again. „ 

An electromagnet would be an artificial type. Check para 5a again. 

Partially true. Review para 17e for a more positive'answer . . 

Capacitance is defined as that property of an electrical circuit that tends 
to oppose a change in voltage. Check para 4c(3). 

Someday there might be this many known. Check para 2c(l)^ 

CORRECT. Inductive reactance affects Voltage the same way as 
resistance. So, Ohm's law can be used to determine the votfage, 0 r 
E = IXL = 10, 000 (2. 5 x 10~?) = 25 volts. 

* > 

CORRECT. A hole is present because an electron is missing. Since 
an electron is a negative charge, we can '-consider the hole le.ft-by the 
electron as a positive charge. • , 

V- 

CORRECT. Two curves, one above and one below the horizontal axis, 
represent a complete electrical cycle. 
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A short circuit is undesirable because'a portion of the intended circuit 
path has been bypassed. iCead pdra 4d again. 

CORRECT. The higher the value of transconductance, the greater the 
signal output will be. * 



A neutron doe 
choice. 

The magnetic 



7 



not have any charge. Check para^2^g(l) and try another 



field would collapse if a resistor was present or not. 



Please read ppra 3b(Z) a'gain. » 

CORRECT. Henries are the units of measurement for inductance." The 
inductance of a circuit in which a current change of 1 ampere per second 
causes an EMF of 1 volt is equal to 1 henry. 

This is an yRL circuit so in order to find the time constant the inductance 
is divided toy the resistance. (T a L/R, T = 6 x 10 3 x 10^/3 x 1CT 5 = 
2 x 10"^.) This is not quite the shortest time constant. Please read 
para 2cjand 3£ again. * 

Two or more elements combined would be a combination of element^ 
however, there is a special name for substance of this nature. Please 
read para 2c:(2). 

CORRECT. Since the same voltage is applied to all 'branches of a 
parallel circuit, the vdltageacrass the 250~phm resistor wilj be the 
same as that across the 400-ohm resisitor or 200 volts. 

^ il ' 

m t- \ 

The neutral body would become the same polarity as the charged body. 
Check para 2h, „ 

A magnet will not lose its magnetism just because it is broken in half. 

Check para 5e(2). 
* "™* 

The materialised in the construction of transistor crystals determines 
if they are positive or negative. Review para 5a and try another cfioice. 

This is not really a good description of an electron tube. Take a.«fcther 
look* at para lb. , 

If you will read para 2a- you will see that all material is either magnetic 
or nonmagnetic. * 

This method* requires the use of very high voltages and because of this 
it is not commonly used. Review para 2*and.try another choice. 

V 

They are alike to a certain extent since they both oppose something in an 
electrical circuit. Flease read para 4a again. 

CORRECT. Current flow is always opposite-the direction the arrow is 
pointing. 

CORRECT- .The time constant equals .the resistance times the 
capacitance: T = RC = 10 6 x(50 x 10 12 ) = 50 x 10* 6 = 50 j/sec. 



CORRECT. , The first electron tube that could amplify voltages was 
developed in 1907 and was qalled a triode. 



A switch is represented by quite a different symbol. Check para 2b(l)(a) 
and try'another choice, 

CORRECT. The larger the cross sectional area of the" conductor, the 
less will be its resistance. 

If this were true the atom would not be balanced, Check para 2^(1). 

This is net always true. Check para 3a and try another choice, 

CORRECT. This is the symbol used to represent resistance < The value 
in ohms might be shown by the Greek letter Q lOmega). ' 

This metal is the most widely used for electrical conduction. However, 
this is partially due to its low cost. Please reap para 3jj{2). 

* \ * v 

Life expectancy is a very important consideration in the application of any 

electronic device. Review para 4b and try another choice. 

o 

This might seem logicalj.hoyever,. when solving the formula for deter- 
mining the Force Field, the square of the distance is used. Please re^ad 
para 3£(1) again. 

CORRECT. , Cells of this type »re usually discarded when they are 
discharged. 

^ Remember; the load resistance is not changing with the- changing plate 
* current. Check para 3jj(3) and try another choice. 

One of the characteristics of a diode is its ability to act like a control 
valve by allowing or blocking current flow. Review para 3j= and try 
another cho.ice. % 

f 

The effective value of a 115-volt line could easily surge to 125 volts 
with the peak value somewhat higher. Please read para <fn(4) again. 

s • 

CORRECT, transistors are made of sensitive material. A heat sink 
will absorb^ rnost of the heat before'it "reaches the transistor. 

CORRECT. This particular symbol indicates a multicell battery. 

Not quite true. Read para 4b(l) and try anather choice. 

CORRECT. In some materials an electron being emitted by kinetic 
energy will strike another electron causing it to gain enough momentum 
to escape the emitter. * 

A capacitor acts like a storage battery and tends to store voltage. Take 
another .look at para 4h. 

CORRECT. In the NPN transistor there are a few electrons that do not 
penetrate the base but are attracted to the positive base voltage. How- 
ever, most electrons move from the emitter through/he base and to the 
collector. ^ s ' 

15 

V 
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The wattage output of any electrical appliance ,is directly related to 
the voltage and resistance* Please read para 56 again. * 

/Remember that resistance is an opposition to the flow of current* 1 
Please read para* 3a again. 

Current is the flow of electrons through a conductor.* Check para 3^ 
again. t 

The initial voltage will be 20 volts; however, ^across an inductor the 
voltage decreases as time progresses. Chec^para 3b and fig 2 again.* 

Plate resistance is the ratio of a small 'change in plate voltfage to the 
corresponding change in plate current. Review para 3je(2) and try 
another choice. 

This will affect current flow from a battery but it does not cause a 
battery to operate. Please read para 4f again. 

You should understand tbe functioning of an inductor better if you will 
take* another look at para 3b(2). 

Two methoas can-be used to solve this circuit; the .reciprocal method 
or the product divided by the- sum method. Read para' 4d(3) again, 

CORRECT. Each will have a north and south pole. 

This formula is Ohm's law for finding the current when only ttfe voltage 
and resistance are known. Check para 5b and try another choice. 

Not quite correct. Check para 8b and try another choice. 

0 

Both ER and ELcannot increase or decrease at the same time. Take 
another look at pai^a 3b. 

All electrically charged bodies affect each other in some way. Please 
read para 2b(l) again. 



In order to be useful, there must be more than this. Check para 2a(l) 
again. 

In order to find the total current we must first find the total affective 
resistance. Review para 4ci and try another choice. ^ 

CORRECT, The north pole of the magnet attracts the south pole of the 
compass, and the south pole of the magnet attracts the north pole of the 
compass. 

Any external flow of current* requires the movement of electrons whicH 
are negative charges. Please read para 8a(3) again. 

Eighty volts would be dropped across R3 and R4. Review question 55 and 
check para 4e for help in solving the problem. 

CORRECT. If a negatively charged body were used, the electrons would 
flow from it to the neutral body. 
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CORRECT. This will provide uniform test results. 

This is true for the strength of the charges but not for the distance* 
Check para 3c(l). 

CORRECT^, Counter EMF created by applying voltage to an inductor 
opposes any change in the flow of 'current* 

The size of the cross sectional area of a conductor and its length detep*^^ 
mine the^resistance. Check para 3£ again; / 

Inductance in a circuit tends to oppose or slow down the rate of change 
(increase or decrease) of current flow. Please read para 3b(6) again. 

A diode has two parts; however, a transistor has more. Read para 
9a again. 

The operating point is governed by something besides the ptate supply 
voltage. Please read para 4jj(l) and try another choice. 

CORRECT, Free electrons in a conductor provide electrical conduction. 
The greater the number of free electrons, the easier it will be {or the 
current to flow. / 

The farad is the unit of measure for capacitance. Please read para 4f(3) . 
again. 

CORRECT. At first the voltage across the resistor will be at maximum 
N but will decrease as the electrostatic charge in the capacitor decreases. 

Think of a capacitor as an elastic body such as a spring which offers 

little opposition to an applied force at first but provides increasing 1 

opposition as it is compressed or extended. Please read para 4c(3) again. 

Not quite true. Review para 13b and take another look at fig 19. 

In order to solve this problem you must know the total current of the 
circuit. Re^e*r*$Tack to question 54 and para 4d. 

Usually one does" not think of induction in connection with direct current. 
However, an automobile coil operates on the principle of induction and 
direct current. Please read para 3<u 

Stopping of the current will cause the magnetic field to collapse. Please 
read para 3t>(2) again. 

' Allowing secondary emissions at the plate is one of- the undesirable 
characteristics of the^creen grid. Please read para 5a^ again. 

CORRECT. Capacitance opposes a change in voltage while inductance 
opposes a change in current. « 

The megger is actually a type of DC generator used to test the resistance 
of electrical insulation. Please review para 22a. J * 
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Mutual conductance is the ampere, changes in plate current for each 
1-volt change in grid voltage. Take another look at para 4f}l). 

* , *\ . 

To solve this problem you must use somV'bf the information gained in 
question 98. Check para's 3b and 3c. 

This is true when charg^ngjby contact but not when using the induction 
method. Check para 2i_ again. ♦ 

Not quite true. 'Please read para 18c again. 

Remember, the time constant equals the resistance times the capacitance. 
Check para 2c and fig 2. 

Because copper has a high tensile strength is one reason why it makes 
a good conductor, especially in transmission lines. Check para 3£(1) 
again. 

At this period of time the capacitor is not fully charged so current has 
to be flowing. Take another look at para 2b. % 

CORRECT. The reactance of*a capacitor is calculated from the formula 

Xc = 2¥fc' 

The. -AC plate resistance ,is equal to the change in plate voltage divided 
by the change in plate current. Take another look at para 3e(2). ^ 

CORRECT. Therefore, we could say that matter is anything and every- 
thing except a vacuum. * * 

CORRECT. In fact the Qurrent flow is so small it is considered to be 
zerj). 

The flow of electrons or current ismeasured in amperes. Read para 
^a again. 

Remember that rp is AC plate resistance while fl represents an 
amplification factor. Please read para 4f(4^ again. 

Recall the rule for current in a series circuit. The same current flows 
throughout the circuit. Check parVs 3b and 4a. 

Not quite true 1 . Check para 5b and try another choice. 

In this case each layer would tend to cancel the effect of the other. 
Have another look at para 5m. ' 

In previous lessons you learned that unlike charges attract and like 
charges repel. Plea.se read para 1c again. 

The henry is a unit of measurement of the inductance of a' coil. Please 
read para 3d again. 

CORRECT. In a reverse biased diode thejelectrons are in the minority. ~ 
Since thejre are only a small amount, very little current can flow. 
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Adding a load to the plate will add a voltage drop, making two voltage * 
drops in. the plate circuit. The sum of these voltage drops must equal 
^Ore^upply voltage. Read para 4jg and check fig 22. 

This symbol is used to show inductance in a circuit. Check para 2b{2) 
again. ^ 4 " 

CORRECT. The plate voltage at zero plate current is one starting point 
of the loadline. 

This'type of circuit does not have a magnetic field. Please read para ' 
2e again and try yiother choice. 

Steel h#s a high! retentivity and therefore is not suitable for use in relay 
electromagnets. Check para 5m again. ' 

CORRECT. If a molecule, is reduced^in size, the substance is changed. 

Usually a difference in potential is what causes electrons to flow. 
I$.ead para 3c again. 

Silver is a metal composed of a single element. Not like steel which 
is composed of iron and other elements. Check para 2£(2). 

CORRECT. There are always the same number of electrons- as there are 
protons. 

This would be true for resistors butnot'for capacitors. Please, review 
para 4i again. 

* / 

9* 

CORRECT. This is all that is known at present. * 

This would be called current— not resistance. Please xfead para 3f again. 

Though they are smaller, neutrons do^iave a larger mass than electrons. 
Check para 2^(2) again. 

Soft iron does not make a good permanent magnet since it does not have 
rotten residual magnetism. Please read parV5£(l) again. 

CORRECT. All generators depend u*pon this characteristic in order to 
produce electricity. 

The current is directly related to the voltage and the resistance. Please 
read para 4c(l) again. 

CORRECT. The total current of a parallel circuit is equal to the sum of 
each branch. It - II + 12 + 13 + 14; therefore, since applied voltage is 
2,4V, II =-f-= 6 amps; 12 =,4-- 4 amps; 13 = ^ = 3 amps; and It = 6 + 4 + 
■ 3 + '2 = 15 amps. 

CORRECT, Therefore, there is'little current flow. 

Every magnet must have two poles. Please read para,5e(2) again. 
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This is a term used for the measurement of electrons. One coulomb 
contains over 6.28 x iO 18 (quintillion) electrons. Please read para 3e 
again. 

CORRECT, WJth the tube not conducting there is no voltage drop across 
the road;«therefore, the entire voltage will be dropped across the plate. 

A pentode tube does have a screen grid. It is used to reduce the 
capacitance that is present between the plate and the control grid. 
Review para 5b and try another choice. ; 
* 

This formula would be used to find the voltage of a circuit. Please 
read para 5b again, % 

This would be true if resistance Rl was the only resistance in the circuit, 
Howevjer, there are three others that must be considered. Check para 
4dpL) again. 

CORRECT. Due to its construction, the life expectancy of a transistor 
is much longer than, that of a vacuum tube. 

A resistor dissipates energy in the form of heat; it does w not store it. 
Check para 3d and try Another choice. 

Since the two resistors are of equal value it is fairly easy to find the^ 
total current. Please review para 4d again. 

„ " i 

At times this might be true. To understand charging by induction fully, 
read para 2i. 

For all practical purposes an electrical- circuit does not store energy 
in the form of heat. Please read para 2e again. 

CORRECT, This would have the same effect as opening a switch in the 
circuit without a resistor. 

CORRECT. However, care must be taken not to introduce more than 
1 ma of current through the transistor or it # will Jburn out. 

CORRECT. By the same token the small case letter "i" is used to 
indicate the instantaneous current. 

The voltage is not used to find the capacitive reactance of a capacitor. 
Please reaffeara 4h again. 



The time ^Btant is equal to 63. 2 percent of the total change cau^ejWiv 
applicatio^pf step voltage." Take-another look ,at para 2c. . \ 

The rule governing voltage in a parallel circuit is quite different than 
that used for a series circuit, Pleas* redd para 4d(2) again. 

CORRECT. That is why an atom is always balanced. 

A primary cell is the type that is used in most flashlights. Check 
para 4e(i). m \ 



Not completely true. Check para 3c and try again. 

Actually, paper would be attracted by a piece of amber. Check para « 
2a again. 0 * 

4 

In a fixed capacitor", the amount of capacitance remains the same 
regardless 6 f a change in voltage. ?Take another look at para 4f. 

All substances are^niade up of atoms; however, an atom cannot exist 
by itself. Please,, read para 2c(3) again. 

As discussed in previous lessons, the ohm is the unit of measure for 
resistance,* Take another look at para 4f(3) and try another choice." 

CORRECT. There are 102 ^nown elements. All matter is made up of 

one or more of these elements. 

* * 

f in fact, the pe*k value* of an alternating current is the maximum 
instantaneous value. Please review para 2h(4). 

Higher input voltage does not increase the output voltage. Please 
' read para 15c again. 

CORRECT. Using the reciprocal method, RT*=— * l ^ or, 

4 6 8 12 24 
CORRECT. This is the reason transistors are called semiconductors. 

The current through the circuit will gradually decrease whenthe battery 
is'switched out of the circuit. Take another look at para 3b(2). 

CORRECT. Voltage is the term used to indicate potential difference. 

Actually, resistance impedes the current flow/ Check para 3t again. 

Chemical action is what generates electricity in a storage battery/ 
Please read para 3£(2)„aganw 

Neutrons and protons have about the same mass and are about the same 
size. Check para 2g(2) again. 

CORRECT. Since 50 Usee is the time constant, 500 /isec represents 
10 time constants and the voltage across the capacitor will be equal, to 
the full applied voltage of 30 volts. V * 

Finding the resistance in a parallel circuit is quSe different from finding 
that in a series circuit. Please read para- 3d(5) again. 

In some respects a capacitor functions somewhat like' a storage battery. 
Please read para 1 again. 

CORRECT. The^polarity of the point bein'g.tested would determine which 
sign, plus or minus, would be used. 
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548 Natural materials such as germanium and silicon are usually used in the 
construction of transistors. Check para 5b. 

549 Current is affected by inductors but not by capacitors. Please read 
para 3[ again. 

551 Since we already know what a time constant is for circuit No 2, this 

problem is not too difficult to solve. Check para's 3b and 3c and fig 2 
; again. * * 

553 CORRECT; A Resistive circuit is said to have an ideal transient 

<* * 

' . 0 - response. 

555 The peak value is the maximum value. Check para 2h(l) again. 

556 In order for an electron tube'to be used as a mixer, it must have mor£ 
than two electrodes. Take another look at para 3a. 

557 This answer is partially cor-rect. Check para lb and try another, choice. 

558 Application of a load will change the tube characteristics from static to 
dynamic. Take another look at para 3^(2). - . 

559 CORRECT. The only difference in computing the induction and the' 
resistance in a circuit is the unit of measurements used. 



560 There is no biased-viltage from the emitter to the collector. Check 
c * para 12a again. 

561 At first glance this might appear true; however, remember that* the 
time constant is equal to the product of the resistance and capacitance. 
Take another lock at para 2£. „ 

562 *T-he' effect that charged bodies have on each other is the basis used in the 
construction of motors and generators; however, two positive charged 
bodies do not attract 0 each othe,rT Read para 2b(l) again. 

563 The atoms in a< conductor da have something to do with its resistance to * * 
an electrical current. But a better answer can be found in para 3f. 

^565 ' CORRECT. The average value of alternating voltage or currents? the 

'average over one-hali cycle or 0.63.7 times the peak value. So'V avg « 
0.637 x V m = 0.637 x 770 = 490.49 V. 

567 CORRECT. An. ammeter indicates the effective value which is 0.707 

times the peak value. 

569 CORRECT. Because an electron tube can slow or increase the flow of 
ele^Jrons it can be compared to a valve. 

570 This symbol represents a generator or motor. Take another tfook at para 

2b(2).' > 

— ' »" ■* 

571 In a sense this is correct; however, ^negative charges are not always in the 
majority nor are* they always* i*ytoe minority. "Sake another look at para 
11c **> ' v/ 
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One of the rules of magnetism is that unlike poles attract each other. 
- Check para 5f again. » 

The size of the cross section area .of a conductor greatly affects its 
resistance; however, in this case, it would not be doubled. Check 
para 3f. 

<> . , , «■ 

CORRECT. Using the formula E L di/dt (where E is the voltage, L, 
ig inductance, and di/dt is the-rate of current change), we can say that 
the voltage divided by the inductance equals the rate of* current change 
in amperes. «g = di/dt = ^4 = 8 amps pe,r second. 

The output signal of the common emitter circuit is out of phase with 
input signal. Please read para I7^e again. 

CORRECT. A permanent magnet will retain its magnetism over a long 
period of time. 

« 

CORRECT/ This is true because the force is equal to the product of the 
quantities of the two charges divided by the square of the distance between 
them. 



CORRECT. The test charge will be acted upon by a charged body. 

The rule for determining voltage in a parallel circuit is not the same " 
as that used with a series circuit. Please read para 4d again. 

Direct current always Hows from negative to positive. Check para^ 5m 
and try another choice. ~ 

i * 
If this were true the atom would not be electrically balanced. Please, read 
para 2e/or a better understanding of the construction of an atom. 

By itself the crystal diode does not amplify. Take another look at para 
9b. . ^ - * . • ^ . 

"CORRECT. Direct measurements can be made with the voltmeter. 

The first procedure in solving this problem is to find the maximum " l 
current. Take a look at para's 3b and 3c and- fig 2 U . 

CORRECT. Most of the electrons are traveling at a sufficient speed to 
pass through the thin, base material and go to the collector. < 

* * * . 

CORRECT. An ammeter located at point A wiltindicate 4 amps, the 
total current in the circuit. Sinee^we found the^total resistance in - 
question 54, we can use Ohm's law: It = £ = 120 v = 4 amps 

R 30 ohms r 
, . j 

. This is the symbol for current. Check para 4a and try another choice., 



A. cathode is the element that emits electrons, ^fcheck para 4a and try 
another choice. * ** « i 

This type of cetfcis-a wet type and can be recharged electrically whfc it is 
run down. Take another look at para 4e(l). I 
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A neutron is a part of sormMypes of atoms; therefore, it must be 
classified a> subatomic. Jake another look at para 2£(5). 

This might seem logical, but it is not true. Take another look at 
para ' 1 3b again. 0 

. **» 

, Copper has 2$ protons, 29 electrons, and 35 neutrons. Take another 
•look at para 2e. • 

The base is simply a mount for the rest of the tube components. 
Check para 3d(l)=again. # 

This symbol indicates two cathodes ana one plate. It is rfot ihe\sjpnbol 
for a basic diode vacuum tube. Take a look at fig 2. 

A flattop wave is. used Jo portray DC voltage applied to a circuit until 
after the current has reached its maximum and remained there for 
a given time* Please r*ad para 2e again. 

CQRjtECT. At first the entire votfage is.<x>resent fcross EL creating 
an SSife and preventing the flow of ; current: 'After a short time, the 
voltage at EL decreases &d appears across ER. > 

CORRECT,, This is'o^ie of three pHinary^b^jeohstants that must 
be considered when obstructing tofce characteristic curves. , 
* • • •* 

The greater 'the resistance* the less will be the current. Check,para 
*3a(2) again.' ** 

'tJot in an NHN transistor.- Take another loolc at para 12d. 

^COKREtT. Dividing, th^ inductance b£ t&e resistance we fin<}'the time 
*? constant T = L/R; f = 4 x 10 3 x lO^/KT 4 = 4 x 10" 7 . This is the 
shortest time. ** 
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Shis is a little- too many. Take another look at para 12b(l)'and 
. try another cnoice. . * 

•This* is not a characteristic of an inductor. P^eajfe read para 3b again. 

CORRECT. Voltage applied to a capacitor produces an instant current; 
'•however,- due to the charging process, voltage buildup \& delayed. 

« « . 

CORRECT.* Two or more crystals must-be used together to change the 
, amount of current flow. » 

CORRECT. \ it also used in voltage regulator power supply circuit- 

; ifyou-will cfeeck para 2d and fig 2 you will see that this, is -not true. 

CQRR^CT. A compound is maHe up of two or more different elements. 

Because xmly 25 jxsecs have passed'since the application of the positive 
* step voltage, tne.magnetic fierd must be changing in some way. Check 
para's 3a and 3b.* w . > »# 5 

•4 



CORRECT. Power in watts is equal to the voltage multiplied by the 
current (amperes),. 



Volts are used to indicate the .amount of electromotive^ force in a 
circuit. Please read para 2ji again. , 

» 

I think you are headed in the right direction. Make sure your mathematics 
are correct and check para 3b and .fig 2. ^ 

A neutron is an uncharged particle of an atom. Review para 6b and try / 
another choice. / 

(• ^ • ^ 

The current can easily "be calculated by using Ohm's law. Take another 
look "at para 3jl(2). " 

Resistance. The voltage divided by the current is one of the basic rules 
of Ohm's law; however, different symbols are used to represent the s'mall 
values involved. Please read para 3e(2) again. * ' 

CORRECT. Capacitance Is a kind of electrical inertia opposite'in effect 
to inductance and similar'to the property of elasticity in mec hani cal 
systems. v * * * 

The symbol ,r E'\is usually used to indicate battery potential. Check 
para 4e again* 

CORRECT. Silver is a better conductor- than copper; however, its high 
•cost makes its general use prohibitive. 

This, would be .true for a negatively charged body. Please read para 2h. 

CORRECT. The total voltage is dropped across each resistance. 

The item we are looking for contains many atoms. Check para 2jc again. 

The current value at point A would be the- 'same as the entire circuit. 
Review question 55. and check para 4e again. 

The loadline will indicate the grid bi^s voltage^ Please read para 4g(l) 
again. _ 

CORRECT. Since soft iron has low retentivity, it makfes a good core for 
a relay electromagnet. • 

«• 

We could liken the potential of an electrical circuit to the pressure of a 
water system. Take another look at para 3e. 

CpRRECT. This is because the square of the distance is used when_ 
solving the formula. . 

CORRECT." Wafer is" cpmposed of two elements: hydrogen and oxygen. 

The formula used. to find resistance in a series circuit is much simpler 
than this. Checl^para 4b<l). * * • 

.CORRECT. An ion must have, either a negative or a positive charge. 



640 Almost true. Review para 4d<4) and try another choice,. 

641 * Protons are positive charged particles in*he nucleus of an-atom. 

Please check para 11c again. * ^ 

642 This is what causes current to flow. Check para 4f a#ain. 

643 p is the symbol for pc*wer. ' In electrical circuits it indicates wat?age. 
Please read para 4a again. *§, *' \ 

644 ^ .Remember, voltage across the resistor is at the maximum value when 

first applied? then gradually decreases until the capacitor is 'fully charged. 
Please check para 2c and fig 2. tf 

645 CORRECT. ^Materials such as silicon and germanium are refined in as 

*pure state as possible'and then contaminated with impurities to give 

them the desired characteristics. 

} '1 ' . • 

* » 

647 CORRECT. However,/ due to its high cost, it is used only for special 
purposes. 

648 1 This would be true for a series circuit but not for a parallel one. 
1 Check para 3d(5) again. • . 

$50 Not always tn^e.\ It defends upon, the plate voltage. Review para 4e(l) 

\ and try another choice. 

651 The inductive reactance of a coil depjends upon the frequency of the circuit 

. and the inductance 'of the coil. Please read para 3d again. •* ^ 

£53 * A^ftfrward biased diode allows a large amount of current flow because th6 
^^rnajority charges are moving." Take another look at para 11c. 

f • ' • 9 

654 In order to solve this protJlem'the time constant must be found. ChecK 

1 para 2c again. * * 

656 *, The value of each tube constant is determined' by the' operating voltage % 

\ applied to the tube. Review para 4f(4) and try another choice. 

& " * 1 

65? " . CORRECT,. A molecule contains a number of atoms. For example, a 
a g molecule of water contains two hydrogen apd one oxygen atoms.. 

659 Mot quite true. Check para 3b(2) and try another choice. . 9 

661 -A test charge is- used in the exploration of,an electrical field but not to 

\cfcarge a : neutrai body. .Please read para 3b again. 

4 662 This is a shape of a magnet. Please read-paTa 5a again. 

664 This symbol is<used sometimes to indicate «a diode but not one of the 

vacuum tube type. Check fig 2 again. 

" 66j r ** A capacitor'acts something like a storage battery. • Ple'ase review 

o pa£& 3j and try another choice. 
* « V* 7 ' " % . 
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66$ This method .of emission uses a tfigh electric field tcvattract electrons 

from the emitter.- Review para 2:c»and try another Vkoice. 
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667 At a rule this method is undesirable* Please read para 2 again. 

J. , 

669 If you will remember that current flow in a series circuit is always 

. the same throughout the circuit, you should have no trouble solving 
this problem. Review para's 3b and 4a« * 

671 CORRECT. AC plate resistance is about one-half the value of DC 
resistance in almost all vacuum tubes. 

672 % CORRECT. This opposition acts like resistance to the flow of current 
and is measured in ohms. v 

674 The opposition of a capacitor to AC depends upon the frequency and ffie 

capacitance. Check para 4h again. Y* '* - . 

<y 675 This should not happen if the. correct soldering iron is used. Piease**read** 

para 21c again* * • \ 

~ . w ~. ; . 

676 CORRECT. A change in base to emitter voltage- causes a charJ&e in th#. 0 
collector current. * • . * * * 

677 CORRECT. We found out in question 55 that the voltage drop across HI 
C is 40 volts. That leaves 80 volts to be applied to eack parallel leg.'* Since 

V R3 and R4 are. of equal value (30 ohms), one-half of tJre voltage applied to 

this leg will be dropped at R3« To solve v this proble/n we-neecHo know 
the current at R3. So, I z E - 80 = ul / 3 amp8 thus,. E> IR = Ul/3 * 

. R 60 ; * : . m + ^ \ * * 

30 » 40 volts drooped aerosol R3. *v • . „ _ <r 



678 CORRECT. The reason for this is to make it ^asier for'the electrons X&' 

xonl'the emitf e 
vice versa. l * - ^.s *i .a- 



pass through the base on their way fronl'the emitter to the collector opt 



This would be the correct.way to connettan ammeter but not a Voltmeter. 
Please read para 4£ again. * ~ T % 



. This answer is partially correct? Check para 7c and try another choice. 

682 T£e ammeter will indicate the effective -current- whigh is nevqfr as* much as* 

the peak current. Take another lobSf at.-para 2h{4). 



684 CORRECT 
the 



ORRECT. Since the two capacttoirs are) o( the ian^ value, we caA use 
^-reciprocal method; i. e~. , g 2 a QT. ^x/16 » i/19 *"' 8 n"" 0 *"***. 

685. This forjmula is .almost correct, Ch*£}c {>axa i?£(2J -again, • . 

' v - *. • * '•• - # ^' " ^ ? • , 

687 ■ Consider a x^gaiHye steg^lfige as" a removal of applieUrvoltage. V»ke 

another look at pa$a'2b£2k. ~i v "■ ■ . . 1 . . «r; '« 



Induction in* a Virtruft is Seter&yiited in the same .way as Yesistahce. \ 
Please read para 3«1) agaitu* „ ''^^ \. ~ ' \ 

690 feyt^har^ge i^s u*£$ * n exploring electrical flejlds. Jhe same charge, 

; V*usf b^&ejj^nSilJ tefsj4-ip ^i?ier*to provide uniform- Results* Check 

■ £ar*;3bV : ' * ^ . • •* . -C^ T : • 
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691 As a rule itJLsinot desirable for an electromagnet to havfe a larg£ 

amount of retentivity. Check para 5d(l) again* 

^692 CORRECT. The transistor can be compared to the three element 

'vacuum tube— the triode,' 

693 Voltage across th* capacitor would be increasing not decreasing. 

Please read para 2b again/ ^ 

6$4 Remember, tne more resistance, the less current* Take" another look 

* at para 4c( 1), 

695 CORRECT, Therefore, ^t will take a positive voltage applied to the 

"base to stop currant flow. 

• ' o * 

/ 



There is something that tends to oppose voltage changes, but it is not 
\ inductance. Please read para 3a again. 



697 Trarisco^uctance is also called mutual conductance 'antT express es*the ' 

relationship between plate current and grid voltage. Read para 4f(,3) 
again, ' 

• V It * 

/ • 

• 698 The grid does have a small voltage applied to it; however, it is not s 

called the. operating point on the loadline'of the graph,. Please read 

* * para/4^1), 

• *" » 

699 , ' Any generation of electricity will produce a certain amount of heat. In 

this case.heat is an undesirable byproduct. Check par^a 5k(2) again, — 

• . - V ; i ' 
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Ordnance Subcourse No 98 ....... , v Fundamentals of Electricity % 

Credit Hours . . \ \One * 

Lesson Objective To test your knowledge of all naaterial 

presented infthis subcourse. 



Suggestions ; 



. • Before starting this examination, it is 
suggested that youjreview all lessons 
studied in this subcourse. 



•J Texts '. • n All Attached Memorandums used in this 

» " 1 \ « subcourse. 

Materials Required ' \ None 

* (Do not send these pages in— use the answer sheet provided for»recordmg and mailing your 
solution . ) 0 

Requirement - 50 Questions - Weight 100 -jrfAll- items are weighted equally. 

i MULTIPLE CHOICE 

(See instructions on answer sheet provided) 

1. i What is the output waveform across the capacitor if a positive step voltage is applied 



to the circuit illustrated 0 



r 



X i 



U 



x 



2. **\V*hich element will reject the greatest space charge density 
Screen grid 

Control grid 0 * x 

c\- PUte^ \ 

Cathode- • * 



X, 



.OS Z-Pt\ 

Reprinted 23 Jar. ^3; Charsge-l, dated 6 Feb 7^,- .incorporated. 
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What color cede represents a 3,20^ohm retiitor with a 10-percent tolerance' 5 



a. Red, orange, red, 

b. Orange, red. red^^nd silver 
' c. Orange, red. orange, and gold 

c. Red, oranie; orange, and silver 

4. Wha^is the RC time constant, in seconds, of a circuit of R = 100K ohm and C = 0. 0000 1 
of a Jtarfad 0 

a. 100 « 

b. "10 * j< 
■ c. 1. 0 ' f 

5. o/i 

What tactor does NOT affect the resistance of a conductor 0 

%. C ros s - s actional area 

b Length of conductor 

"c Material of conductor , 

s. T yoe of insulation 

o. *\Vhat are*the MA JOR2T Y-type charges in. an N-type crystal 0 

a Electrons 

ft. Holes ^ «• 

- c* Neutrons - - « 

d. Protons JP* 

7. What current is indicated by an AC ammeter 0 



a. Instantaneous . , 

> b. Peak * p 

c. Effective 

d. Average , . 

i.. What BEST describes current flo\v in any circuit 0 

a. Electrons » - 

b/ rfbles \ 

c. rrctons ^ .1 

d. Neutrons . — 



7 



i 

9. Which output :s produced if, an AC signal is applied to the control grid of a triode tube 0 



J 



An alternating plate current 

b. A varying negative t)C plate current 

c. A varying positive DC plate current 

d. A varvm^ positive and negative plate current ^ 

• • • ' •. "V ' :• \ 
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10. Which symbol deaignates a properly connected battery? 



11. In what direction do the majority charges move in a PNP transistor- 9 

a. Collector to emitter 

b. Emitter to collector 

c. . Base to collector 

d. Base to emitter 

-\ 

12. In ^hich circuit is the current the same value throughout the entire circuit 9 

-a. Parallel-shunt 

b. Series 

c. Senes-parall^L 

d. Shunt . J . 

/ ^ ~ ■ 

,13. What charge will attract a positive charge of electricity? 

a. Positive 

b. Negative 

c. Balanced ^ 

d. Neutral 

14. How will a capacitor respond in a circuit that has both DC and AC applied" 

. *a. It will act as a battery 

b. It will act as an' d£en to both DC and AC 

c. It will block the DC . ' 

d. - It will block the'AC " 

15. What is the ohase relationship of the voltage and current in a pure capacitive circuit 9 * 

• • ' ' - \ ' 

a. Voltage leads the current by 90° ' 

b. Voltage and current are in phase - \ 
\ • c. Current leads the voltage by 90° \ 

d. Current lags the vdlta^e by 180° , 

16. According to Coulomb's law~ 'the force between two electric Charges will vary .r.verscl* 
with the * 

w . • V* 

a. distance between them. > * ** 4 

• i • 

b. substance between them. p « , 

c. square of the distance between them. 

d. square of the potential between them. 



\ 
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17. What unit is ■ equal to a flow of electical charges at the rate of 
one coulomb per second? 
a. Ampere 

" b. Farad 

c. Milliampere 

d. Volt • . ' 

4 

t , 

18. How is the time constant in an RC circuit affected if the value of 
the resistor is halved? 

a. Increased by one-foitrth ^ t * 

b. Increased by one-half 

c. / -Reduced by one-half ' t 

d. Reduced by. one- fourth . 

19. What happens to the energy in a series RL circuit if a ste^&y flow 
is :applied? • 

a. Dissipated as heat and some stored as a magnetic field V 

b. Dissipated as heat and some Stored as an electrostatic charge 

c. Stored as both an electrostatic charge and heat 

d. Stored as both a magnetic field and arT'electrost atic charge 

.20. What "material / if rubbed oh a glass rod, will produce positive 
electricity? . « 

* a. . Cat's fur a 1 , ' • 4 . 

b. Wool 

c . Rat ' s f \Xr - 4 

. . ■ " y- . ' ^ ' ■ 

21. Wlvich alphabetical symbol, represents current in a circuit? * 

a * E • v * , • 

b. C - 

_ • 

d. V * * . 

• . ' * * ~ * . * y 

2-2. What is.pne of the MOST important sources of voltage fbr military . 
equipment? ' 
a* Batteries * ^ 

b. Converters 

c. Inverters -~*\ \ / 
" d # Generators ' >- 

' . * V 

23. Which type- cathode is normally, activated by heat radiation? ' 

a. Cold 'V 

b. Directly heate^H— ' • ; v 

• ' c. indirectly he.ated • - 

• d. Hot * * 

♦ . . 

24; What is the value, in ohms, of a resistor whose color code is brown, 
bl'ack^and orange? - " \ . 

a. J.00 * * 

b. '1,000 r \ 
• c.~ 1,500 . 

q d. 10,000 |o-» 



d.- Silk - - * 
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What will happen to the inductive reactance'value if the irequency is doubled in 

circuit? , 

a. .Decrease by half * - * 

b. Remain the •ame 

Ci. Increase twice * V 
d. Increase four times 

Why is copper a good conductor of electricity? 



an AC 



a. 
b. 
c. 
d. 



It contains many free electrons 
It contains few free electrons 
It has no negative charges 
It has no positive- charges 



What BEST' describes alternating current 9 



a . 
b. 
c . 
d. 



It periodically changes in magnitude and continuously changes in direction 
It constantly changes in magnitude and direction # 
It periodically changes *m direction and constantly changes m magnitude 
It constantly changes in direction but not in magnitude 



How many time constants constitute a fully charged capacitor- 



a. 1 

b. 3 

c. 5 

d. 7 



\ 



Which formula is used to compute the AVERAGE VAI.UE of an AC voltage 0 



a. E = 0.707 E m 

b. ^ ~ 

c. 



E avg = 0.^37 E m 
E *vg -E m :0.637 



Which ammeter, is Connected properly to measure total current ' 














4 









Which particles are found in the nucleus of an atom 0 



Electrons and protor.s ^ 
Electrons and neutrons 
Protons and elements 
Protons and neutrons 
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What is the smallest particle into which any "matter can be divided 
and still maintain its original characteristics? 

a. Molecule , 

b. Atom 

c. Proton * 

d. Electron 



A 



What happens a fraction of, a second after a positive step voltage 
is 'applied to a series RL circuit? 

zero and EL is increasing 
increasing an3 EL is ze.ro 
decreasing and „ EL is decreasing ^ 
increasing and EL is decreasing 

What type of electron .emiss ion is produce^ in a vacuum tube V/hen 
♦Light strikes a silicon surface? 

a. * Photostatic ^ 

b. -\Photoelectric * - . 

c. Thermionic 
~d'.~ Nucleonic | 



L 



\ 



b. 
c . 
d. 



What transistor design feature inspires] the proper socket connection? 
a; The' base lead is set apart from £he other- leads and .marlce^ 
The emitter lead is placed in the center and marked 
The base 'emitter leads^ are adaptable to fit different shaped, holes 
The collector hole is spaced farther from the base hole than the 
emitter • ^ ' '* • ' . 



Which UNIT is negatively charged? , 
a. Positron \ 
b* Neutron 

c. Proton ' . . * 

d. Electron ' * ^ , 

\ 

What is ONE time constant, in percentage, of a capacitor that is ' 
being charged? 

a. . 19.9 - r 

bV 35.8 1 ' '(j • - ' 

C. 63.2 \- - ( • - . .• 

d. 83.4 * \ 



What type of CHARGES move "in a forward biased diode? 

a. Negative . , 

b. Positive 

c. ^Minority 

d. Majority , * ' . \ * 

Which type electron tube is* normally used as a rectifier? 

a. Pentode 

b. Tetrode \ 
c • Triode , \ 
d. Diode* 
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40, A positive step voltage, followed by a negative step voltage at regular. intervals i* what 
kind of a waveform 9 



a. Periodic, .sinusoidal . "\ ' a 

b. Aperiodic*, sinusodiai 

c. Periodic, nonsinusoidai 

d. Aperiodic,' nonsinusoidai 

4£. Which' path will current normally follow? 

* a. The shortest * 

b. That of least- resistance j ? 

c. That of most resistance - 

d. The longest !» /"»' \& 



'42. Whit limits the plate current of the triode Jube'that utilizes oxide-coated filaments 0 *' 

a, ^*f te current deterioration t and cutoff 1 • 
. b. Plate rurrent saturation. and cutoff ^ 
, c. Sicon-a/y emis'sion .and cathode current - 

d./ Secondary emission and grid current ^ • 

; ■ y 

43. Which symbols are used to c ompute the voltage' gain of a. transistor? v 

v v a. Vbc/Vee - ' . * , ' ' 

b'. 4Vce/^Vbe' / • ' ' ' 

c. eb/ec \ ' « ^ \ 

d, ecfeb l - k 4 S 

4*.* What change is opposed by an inductor? * * * - 

. ♦ ' , • <■ " f 

a. . Current ? ' \ , 5 . - 

b. . Capacitance * * 
'c. Resistance c ^ ^ 

c. Volt-ag-e - * * * * 

45. What will happen if a positive (+) signal voltage js applied to the base of an NPN common 
collector circuit?- \ " % > 

/a. The output voltage will decrease -I - * . • , 

b. The output voltage will increase 

c. The forward bias will decrease ■ 

> d. The collector current will decrease \ 

' • ' * '~\ * . ' 

*46. Which is a CHARACTERISTIC of a parallel circuit 9 

a*. The combined resistance is always less thai* t\\e smallest resistance in the circuity 

Z D - The combined resistance is always larger thfcn the largest resistance in the ^ircuit 

' c. The same current flews in*all parts of the circuit • 

d. The fame voltage drop is applied across each resistor - 
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47. What is the ad<?jLntSt%« of^usinglthe junction transistor over the poipcont&ct transistor n 



ft a . ' .Create^ powfcr cababilti$ ' ^ * „ 
. b. Easier to install*'^ * * , u « " 
» 4 ? C ^' Smaller shuiit capacitance' , 



: 8 



d.^' Smaller in size „ 
4-8^ What represents this UNIT of power that is dissipate*b£ a resi3tor? « 

*• • ' 7 ' :•«.' 1 J - ~" £ ■ 

Volt. • • . T v' v — ,j „ 



4 • 



;^ ^t>. Gauss \ 



^<>. "Vnich output waveform represents .^*OVEI*l5R4\feEN (transistor "circuit wjth a ajj^wg i» •>< 




' A. " 



*?0, 'A'nat.OUANTI^ATIVE^jrelrftionship is stated by Ohm^s law 9 * 



? * ./ ' a" v C.irr^;. ^oltag^; and-co^ik>moV ; % , ^ 
■ .^'^ C VW<fjjs# resi»t|knc f e, and gausses , * 
v v,c. v ^Vottage t . currefti^nd r^sisfanc^e /*' 
" r d. ^Vbltage. cur>4nt # and -gausses**' ^ <* 

- - k> - T a v * t V' 
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